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Description 

FIELD AND BACKGROUND OF THE fNVENTION 

[0001] The present invention relates to heparanase specific mofecular probes their use In research and medicaf 
applicatfons, More particularly, the present invention relates to the use of heparanase specific moJecular probes, such 
as anti-heparanase antibodies (both poly- and monoclona[)and heparanase gene {hpa) derived nucleic acids, including, 
but not limited to, PGR primers, antisense oligonucleotide probes, antfsense RNA probes, DNA probes and the like for 
detection and monitoring of maJignancies, metastasis and other non-malignant conditions, efficiency of therapeutic 
treatments, targeted drug delivery and therapy. 

[0002] Heparan sulfate proteoglycans. (HSPGs): HSPGs are ubiquitous macromolecules associated with the cell 
surface and extracellular matrix (ECM) of a wide range of cells of vertebrate and invertebrate tissues (1-5). The basic 
HSPG structure consists of a protein core to which several linear heparan sulfate chains are covalently attached. The 
polysaccharide chains are typically composed of repeating hexuronic and D-glucosamine disaccharlde units that are 
substituted to a varying extent with N- and O-linked sulfate moieties and N-linked acetyl groups (1-5). Studies on the 
involvement of ECM mofecuiss In cell attachment, grovvth and differentiation revealed a central role of HSPGs In em- 
bryonic morphogenesis, angrogenesis, metastasis, neurite outgrowth and tissue repair (1-5). The heparan sulfate (HS) 
chains, unique in their ability to bind a multitude of proteins, ensure that a wide variety of effector molecules cling to the 
cell surface (4-6). HSPGs are also prominent components of blood vessels (3). In large vessels they are concentrated 
mostJy in the intima and inner media, whereas in capillaries they are found mainly in the subendothelial basement 
membrane where they support proiiferating and migrating endotheJial cells and stabilize the structure of the capillary 
walL The ability of HSPGs to interact with ECM macromolecules such as collagen, laminin and fibronectin, and with 
different attachment sites on plasma membranes suggests a key role for this proteoglycan in the self-assembly and 
insolubility of ECM components, as well as fn cell adhesion and locomotion. Cleavage of HS may therefore result in 
disassembly of the subendothelial ECM and hence may play a decisive role in extravasation of blood-borne cells (7-9). 
HS catabolism is observed in inflammatfon, wound repair, diabetes, and cancer metastasis, suggesting that enzymes 
which degrade HS play important roles in pathologic processes. 

[0003] Invotvement of heparanase in tumor ceil invasion and metastasis: Circulating tumor cells arrested in the 
capillary beds of different organs must invade the endothelial ceil lining and degrade its underlying basement membrane 
(BM) in order to escape into the extravascular tissue(s) where they establish metastasis (10). Several cellular enzymes 
(e.g., collagenase iV, plasminogen activator, cafhepsfn B, elastase) are thought to be involved in degradation of the BM 
(10). Among these enzymes is an endo-p-D-glucuronidase (heparanase) that cleaves HS at specific Intrachain sites. 
(7, 9, 11-12). Expression of a HS degrading heparanase was found to correlate with the metastatic potential of mouse 

. Mii-M riiuiuiiujiiu f II . , l^akllltJrlK. XJl ^Ap'C^I )l I 11^1 I Ldl CI I III I lo lO VVI IH I dl Fc3&0 II I iJIU'lttJI t> 

(i.e. non-anticoagulant species of low MW heparin) markedly reduced (>90%) the incidence of iung metastases induced 
by B16 melanoma, Lewis lung carcinoma and mammary adenocarcinoma ceils (8, 9,13). 

10004] Heparanase activity could not be detected in nornr^al stromal fibroblasts, mesothelial, endothelial and smooth 
muscle cells derived from non cancerous biopsies and effusions (12). These observations indicate that heparanase 
expression may serve as a marker for tumor cells and in particular for those which are highly invasive or potentially 
invasive. If the same conclusion can be reached by immunostaining of tissue specimens, anti -heparanase antibodies 
may be applied for early detection and diagnosis of metastatic cell populations and micro-metastases. 
[0005] Our studies on the control of tumor progression by its local environment, focus on the interaction of cells with 
the extracellular matrix (ECM) produced by cultured corneal an vascular endothelial cells (EC) (14, 1 5). This ECM closely 
resembles the subendothelrum in wVoln its morphological appearance and molecular composition. It contains coilagens 
(mostly type III and IV, with smaller amounts of types I and V), proteoglycans (mostly heparan sulfate- and dermatan 
sulfate- proteoglycans, with smaller amounts of chondroitin sulfate proteoglycans), lamlntn, fibronectin, entactin and 
elastin (13, 14). The ability of cells to degrade HS in the ECM was studied by allowing cells to interact with a metabolically 
sulfate labeled ECM, followed by gel filtration (Sepharose 6B) analysis of degradation products released into the culture 
medium (11). While intact HSPG are eluted next to the void volume of the column (Kav < 0.2, Mr ~ 0,5x10^), labeled 
degradation fragments of HS side chains are eluted more toward the Vt of the column (0.5 < kav < 0.8, Mr =5-7x10^) (11). 
[0006] Possible invo/vement of fieparanase in tumor angiogenesis: Fibroblast growth factors are a family of 
structurally related polypeptides characterized by high affinity to heparin (16). They are highly mitogenfc for vascular 
endothelial cells (EC) and are among the most potent inducers of neovascularization (16, 17). Basic fibroblast growth 
factor (bFGF) has been extracted from subendothelial ECM produced in W/ro and from BM of the cornea, suggesting 
that ECM may serve as a reservoir for bFGF (18). Studies on the interaction of bFGF with ECM revealed that bFGF 
binds to HSPG in the ECM and can be released in an active form by HS degrading enzymes (19, 20). Heparanase 
activity expressed by platelets, mast cells, neutrophils, and lymphoma cells releases active bFGF from ECM and BM 
(20), suggesting that heparanase may not only function in cell migration and invasion, but may also elicit an indirect 
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neovascular response (18). These results suggest that the ECM HSPGs provtde a natural storage depot for bFGF and 
possibly other heparin-binding growth promotmg factors. Displacement of bFGF from its storage within ECM may there- 
fore provide a novel mechanism for inductron of neovascularization in normal and pathological Situations (6, 18).. 
[0007J Seeking for metastases by detect/ng cancer biomarkers: Detecting and monitoring cancsr metastases - 
once thought to be an almost impossible task - appears to be moving toward the realm of the practical. The results of 
research presented at the recent Annual Meeting of the American Association for Cancer Research and the American 
Society of Clinical Oncology identified two approaches for detecting the onset of cancer metastases. 

(i) Quantifying the levels of two cytokines - vascular endothelial growth factor and basic fibroblast growth factor - 
that are invoived in the angiogenesis process which is critical to tumor metastases. Researchers have found elevated 
levels of both cytokines rn the serum and urine of people with renal cell carcinoma and non-small cell lung cancer (1 7), 
(il) Cell fsoiatfon and nucleic acid amplificatron methods that have been used to detect circulating tumor cells in the 
peripheral blood of patients with melanoma and prostate, ovarian, colon and breast cancers. 

[0008] The clinical utility of these tests in monitoring tumor cells in the circulatory system or detecting critical factors 
in the process of angiogenesis has been shown to be feasible. These tests can help predict patient outcome, monitor 
patient response to therapy and guide the selection of therapy. Several, of these tests offer the additional benefits of 
being fairly rapid to perform and minimally invasive. 

[0009] For example, vascular endothelial growth factor (VEGF) and basic fibroblast growth factor (bFGF) were meas- 
ured fn pre- and post-operative samples and sera of untreated and treated metastatic patients by using the quantitative 
sandwich EfA quantikine from R&D Systems. The majority of patients with metastatic solid tumors had elevated serum 
levels of both cytokines, the type of tumor was not exclusive of either factor, and elevated levels returned to normal after 
chemotherapy or surgery. 

[0010] Another example is senim concentration of soluble Cytokeratin Fragment 19 as a prognostic factor of non- 
small cell lung cancer. Archived sera of 79 lung cancer patients was tested for CK1 9 using Boeh ringer Mannheim ELISA. 
Serum concentration correlated with squamous cell carcinoma antigen, and the survival period was found to be longer 
in patients with normal OKI 9 serum level, 

[001 1] Expression of heparanase by ceils of the immune system: Heparanase activity correlates with the ability 
of activated cells of the immune system to leave the circulation and elicit both inflammatory and autoimmune responses. 
Interaction of platelets, granulocytes, T and B lymphocytes: macrophages and mast cells with the subendothelial ECU 
is associated with degradation of heparan sulfate (HS) by heparanase activity (7). The enzyme is released from intrac- 
elluiarcompartments(e;g.Jysosomes,speclficgranules) in response to various activation signals {e.g., thrombin, calcium 
ionophore, immune complexes, antigens, mitogens), suggesting its regulated involvement and presence in inflammatory 

ift^^C an^S ■ailfnPmmimQ lacjir^nc* Uoiri^l'rin mtXfr-l^n I-lnnvnj-J ii-m nn-rifmAn .^aIaaa^J L.. . ) I 1!1 1 
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to be present in atheroscJerotic lesions (21). Hence, cDNA probes and anti-heparanase antibodies may be applied for 
detection and early diagnosis of these lesions. 

[0012] Cloning and expression of the heparanase gene: The cloning and expression of the human heparanase 
gene are described in U.S. Pat. No. 5, 968 322. A purified fraction of heparanase isolated from human hepatoma cells 
was subjected to trypttc digestion. Peptides were separated by high pressure liquid chromatography and micro se- 
quenced. The sequence of one of the peptides was used to screen databases for homology to the coTespondfng back 
translated DNA, sequence. This procedure led to the identification of a clone containing an insert of 1020 base pairs 
(bp) which included an open reading frame of 963 bp followed by 27 bp of 3' untranslated region and a Poly A tail. The 
new gene was designated hpa. Cloning of the missing 5' end of hpa cDNA was performed by PGR amplification of DNA 
from placenta cDNA composite. The plasm id containing the entire heparanase cDNA was designated phpa. The joined 
cDNA fragment contained an open reading frame which encodes a polypeptide of 543 amino acids with a calculated 
molecular weight (MW) of 61,192 daitons. The ability of the hpa gene product to catalyze degradation of heparan sulfate 
(HS) tn wYro was examined by expressing the entire open reading frame of hpa in High five and Sf21 insect cells, using 
the Baculovirus expression systenrt. Extracts of infected cells were assayed for heparanase activity. For this purpose, 
celllysateswere incubated with sulfate labeled, ECM-derived HSPG (peak!), followed by gel filtration analysis (Sepharose 
6B) of the reaction mixture. While the substrate alone consisted of high molecular weight (MW) material, incubation of 
the HSPG substrate with lysates of cells infected with hpa containing virus resulted in a complete conversion of the high 
MW substrate into low MW labeled heparan sulfate degradation fragments. 

[0013] In subsequent experiments, the labeled HSPG substrate was incubated with the culture medium of infected 
High Five and Sf21 cells. Heparanase activity, reflected by the conversion of the high-MW HSPG substrate into low MW 
HS degradation fragments, was found in the culture medium of cells infected with the pfhpa virus, but not the control 
pFI virus. Altogether, these results Indicate that the heparanase enzyme is expressed in an active form by cells infected 
with Baculovirus containing the newly identified human hpa gene. \r\ other experiments, we have demonstrated that the 
heparanase enzyme expressed by cells infected with the pfhpa virus is capable of degrading HS complexed to other 
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macromolecular constituents (e.g., fibronectfn, laminin, coflagen) present in a naturally produced intact ECM, in a manner 
similar to that reported for lifghly metastatic tumor cells or activated celfs of the immune system. 
[0014] Purification of the recombinant heparanase enzyme: The purification of human heparanase gene are 
described in U.S. Pat. No, 5, 968. B22. Sf21 fnsect cells were infected with pF^jps virus and the culture medium was 
applied onto a heparin-Sepharose column. Fractions were eluted with a salt gradient (0.35-2 IVl NaCI) and tested for 
heparanase activity and protein profile (SDS/PAGE followed by silver staining), Heparanase activity correlated with the 
appearance of a protein band of about 63 kDa in fractions 19-24, consistent with the expected MW of the hpa gene 
product. Acffve fractions eluted from heparin-Sepharose were pooled; concentrated and applied onto a Superdex 75. 
FPLC gel filtration column. Aliquots of each fraction were tested for heparanase activity and protein profile. A correlation 
was found between the appearance of a major protein of about 63 kDa in fractions 4-7 and heparanase activity. This 
protein was not present in medmm conditioned by control non-infected Sf21 cells and subjected Eo the same purification 
protocol. 

[0015] Research on the involvement of heparanase/HS in tumor cell metastasis and angiogenesis has been handi- 
capped by the lack of biological tools (i.e., molecular probes, antibodies) to explore a causative role of heparanase in 
disease. U,S. Pat, No. 5.968.822 offers, for the first time, a good opportunity to elucidate the enzyme's involvement in 
turnor metastasis and angrogenesis and the related diagnostic applications. 

[0016] On the basis of the examples described below, it appears that cDNA and RNA probes, PGR primers, and anti- 
heparanase antibodies (heparanase specific molecular probes) can be applied to detect the heparanase gene and 
protein and hence for early diagnosis of micrometastases, autoimmune lesions, renal failure and atherosclerotic lesions 
using biopsy specimens, plasma samples, and body fluids. 

[0017] Specificity and advantages over other reported antibodies; A variety of blood, tumor cells and certain 
normal cells have been shown to produce significant amounts of heparanase activity. The purification to homogeneity 
and characterization of mammalian heparanases has been difficult, primarily due to the lack of a convenient assay. Most 
reports contain only partial description with conflicting information. Oosta, etai. (22) described the purificatron of a human 
platelet heparanase with an estimated molecular mass of 1 34 kDa expressing an endoglucuronidase activity. Hoogewert, 
et al. (23) reported the purification of a 30 kDa human platelet heparanase which was shown to be an endoglucosami- 
ntdase that cleave both heparin and heparan sulfate essentially to disaccharides. They claimed that the holoenzyme 
consists of four subunits, each closely related to the CXC chemokines CTAPIII, NAP-2 and p-thromboglobulin (23). 
Freeman and Parish (24) have purified to homogeneity a 50 kDa platelet heparanase exhibiting endoglucuronidase 
activity. Likewise heparanase enzyme purified from human placenta and from hepatoma cell line (U.S. Pat. No. 5,362,641) 
had a molecular mass of approximately 48 kDa. A similar molecular weight was determined by gel filtration analysis of 
partially purified heparanase enzymes isolated form human platelets, human neutrophils and mouse B16 melanoma 
cells (our unpublished data). In contrast, heparanase purified from B16 melanoma cells by Nakajima, et al. (9, 26) had 
a molecular vveiyht of 36 kDa. The latter enzyme has been iocaiized immunochemicaily to the ceii surface and cytoplasm 
of human melanoma lesions using a polyclonal antiserum (26) and in tertiary' granules in neutrophils using monoclonal 
antibodies (26a), both directed agafnst a putative amino terminal sequence from purified B16F10 melanoma cell hepara- 
nase (26). However, the melanoma heparanase amino terminal sequence was found to be characteristic of a 94 kDa 
glucose-regulated protein (GRP94/endoplasmin) that functions as a molecular chaperone which lacks heparanase ac- 
tivity (27). This result and a recent study using anti-endoplasmin antibody (28) suggest that the endoplasmin-like 98 kDa 
protein found in purified melanoma heparanase preparations is a contaminant (27, 28), This calls into question the 
previous heparanase immunolocalization studies earned out using the B16 melanoma heparanase amino terminal pep- 
tide antiserum (26). Likewise, antiserum directed against the amino terminal sequence of CTAP III was applied to 
immunolocalizethe heparanase enzyme in biopsy specimens of human prostate and breast carcinomas (29, 30). Again, 
the validity of the results Is questionable, since the possibility that CTAP III is a contaminant of the platelet preparation 
was not excluded. First, attempts to express heparanase active CTAPIN/NAP2 protein were unsuccessful and the re- 
combinant CTAPIII/NAP2 chemokines failed to exhibit heparanase activity. Second, western blot analysis of the platelet 
enzyme purified by Freeman and Parish (24) with antibodies against human p-thromboglobulin or platelet factor-4 
demonstrated that these and related proteins (e.g., CTAP-III and NAP-2) were not present in the purified platelet hepara- 
nase preparations (24). Moreover, while heparanase activity can be detected rn purified preparations of p-thromboglob- 
ulin, it is probably due to contamination with the "classical" platelet heparanase since it exhibited an endo-beta-D- 
glucuronidase activity rather than an endoglucosamrnidase activity (23), as reported by Hoogewerf et al. (Pikas et al. 
manuscript submitted for publication). 

[0018] Our studies on the immunolocalization of CTAPIII inhuman bio pay specimens revealed a preferential localization 
of CTAP-III in cells (i.e., vascular endothelia cells, keratinocytes) that failed to express heparanase activity and vice 
versa. Finally, none of the sequences published by Hoogewerf et al (platelet CTAP-lll/fMAP-2) (23) or Jin et al. (B16 
melanoma) (26) nor sequences of the bacterial heparin/heparan sulfate degrading enzymes (hep I & III) (30a) were 
found in our recombinant human heparanase that was cloned and expressed on the basis of sequences derived from 
the purified human placenta and hepatoma heparanases. 
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[0019] Several years ago we prepared rabbit polyclonal antibodies directed against our partially purified preparation 
of human placenta heparanase. These antibodies, referred to in U.S. Pat. No. 5,362,641, were later found to be directed 
against plasminogen activator inhibitor type I (PAM ) that w/as co-purified with the placental heparanase. These findings 
led to a modifrc-ation of the origf na! purification protocol to remove the PAI-1 contanninant, 
[0020] Collectively, it is evident that so far no one had succeeded in eliciting anti-heparartase antibodies. 
[0021] Unlike the above described information, both the polyclonal and monoclonal antibodies described hereinunder 
were raised, for the first time, against a purified, highly active, recombinant enzyme. As further shown below these 
antibodies specifically recognizes the heparanase enzyme in celJ lysates and conditioned media and does not cross- 
react with p-thromboglobulin, NAP-2, PAI-1 or bacterial heparinases 1 and ML They do recognize the mouse B16-F10 
heparanase; the human platelet heparanases. and the heparanase enzymes produced by severai human tumor cell 
lines and Chinese hamster ovary (CHO) cells. By virtue of being produced against a purified recombinant enzyme and 
their specfficity, these antibodies appear highly appropriate for diagnostic purposes such as immunohistochemistry of 
biopsy specimens and quantitative ELiSA of body fluids (e.g., plasma, urine, pleural effusions, etc.). Similarly, as pre- 
sented fn the Examples section hereinunder, both the molecular probes for in situ determination of the tissue distribution 
of the hp3 gene and the cDNA primers for detection of the hpa mRNA in normal and malignant cells of human origin 
(e.g., leukemia and lymphoma ceHs, mefanoma celEs) can be applied, for the first time, for diagnosis of early events in 
tumor progression, metastatic spread and response to treatment. 

SUMMARY OF THE INVENTION 

[0022] According to an embodiment of the invention described below, there is provided a method of in s/fi/ detecting 
localization and distribution ofheparanase expression in a biological sample comprising the step of reacting the biological 
sample with a detectable heparanase specific molecular probe and detecting the locafization and distribution of the 
detectable heparanase specific molecular probe. 

[0023] According to further features in preferred embodiments of the invention described below, there is provided a 
method of detecting heparanase expression in a biological sample comprising the step of reacting the biological sample 
with a detectable heparanase specific molecular probe and detecting said detectable heparanase specific molecular 
probe. Protein and nucleic acid dot blot application are envisaged, 

[0024] According to stifl further features in the described preferred embodiments the biological sample is selected 
from the group consisting of cells and tissues. 

[0025] According to still further features In the described preferred embodiments the biological sample is malignant 
[0026] According to still further features in the described preferred embodiments the malignancy is selected from the 
group consisting of a solid tumor and a hematopoietic tumor. 

rrtrt^*^"! A I : — _ X I c. . £ i.. ;„ ii .1 .il^j j- ■ ■ i- j iinii . t ^ ii- 
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group consisting of carcinoma, adenocaicmoma, squameous cell carcinoma, teratocarcinoma, mesothelioma and 
melanoma, and further wherein the hematopoietic tumor is selected from the group consisting of lymphoma and leukemia. 
[0028] According to still further features in' the described preferred embodiments the solid tumor is a primary tumor, 
or a metastasis thereof, and is onginated from an organ selected from the group consisting of liver, prostate, bladder, 
breast, ovary, cervix, colon, skin, intestine, stomach, uterus, pancreas. 

[0029J According to still further features in the described preferred embodiments the detectable heparanase specific 
molecular probe is selected from the group consisting of a nucleic acid sequence hybridfzable with heparanase encoding 
nucleic acid and an antr-heparanase antibody capable of specifically binding heparanase. 

[0030] According to still further features in the described preferred embodiments the nucleic acid sequencehybridizable 
with heparanase encoding nucleic acid is selected from the group consistingof a synthetic oligonucleotide, an antisesnse 
heparanase RMA and heparanase DNA labeled by a detectable moiety. 

[0031] According to further features in preferred embodiments of the invention described below, there is provided an 
in vitro method of detecting heparanase protein in a body fluid of a patient comprising the steps of reacting the body 
fluid with an anti-heparanase antibody and monitoring the reaction wherein 

[0032] the body fluid is selected from the group consisting of plasma, urine, pleural effusions and saliva. 

[0033] According to still further features in the described preferred embodiments the body fluid is of a patient suffering 

from a condition selected from the group consisting of cancer, renal disease and diabetes. 

[0034] According to still further features in the described preferred embodiments the renal disease is associated with 
diabetes. 

[0035] According to stiil fiirther features in the described preferred embodiments the anti-heparanase antibody is 
selected from the group consisting of a monoclonal antibody and a poly clonal antibody. 

[0036] According to stiil further features in the described preferred embodiments reacting the body fluid with the anti- 
heparanase antibody is effected in solution, 

[0037] According to still further features in the described preferred embodiments reacting the body fluid with the anti- 
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heparanase antibody is effected on a substrate capable of adsorbing proteins present in the body fluid. 
[003B] According to still further features in the described preferred embodiments the body fluid is of a patient suffering 
from myeloma, breast carcinoma, metastatic breast carcinoma, hemorrhagic nephritis, nephrotic syndrome, normoalbu- 
mlnuric type J diabetes, micrcalbuminLiric type I diabetes, kidney disorder, inflammation, sopsis, inflammatory and au- 
toimmune disease. 

[0039] According to further features in preferred embodiments of the invention described below; there is provided a 
method of detecting the presence, absence or level of heparanase protein in a biological sample comprising the steps 
of (a) extracting proteins from the biological sample, thereby obtaining a plurality of proteins; (b) size separating the 
proteins; (c) interacting the size separated proteins with an anti-heparanase antibody; and (d) detecting the presence, 
absence or level of the interacted anti-heparanase antibody. 

[0040] According to stUI further features in the described preferred embodiments the anti-heparanase antibody is 
selected from the group consisting of a polyclonal antibody and a monoclonal antibody. 

[0041] According to still further features in the described preferred embodiments the size separation is effected by 
electrophoresis. 

[0042J According to further features in preferred embodiments of the invention described below, there is provided a 
method of targeted drug delivery to a tissue of a patient, the tissue expressing heparanase, the method comprising the 
steps of providing a complex of a drug directly or indirectly linked to an anti-heparanase antibody and administering the 
complex to the patient.. 

[0043] it is an object of the present invention to use a heparanase specific molecular pro be for detection of the presence, 
absence or level of heparanase expression. 

[0044] It is another ol>ject of the present invention to use a heparanase specific molecular probe to produce an agent 
for therapy of a condition associated with expression of heparanase. 

[0045] It is yet another object of the present invention to use a heparanase specific molecular probe for quantification 
of heparanase in a body fluid. 

[0046] It is sttll another object of the present invention to use a heparanase specific molecular probe to produce an 
agent for targeted drug delivery. 

[0047] It is another object of the present invention to use a heparanase specific molecular probe to produce a therapeutic 
agent. 

[0048] The present invention successfully addresses the shortcomings of the presently known configurations by pro- 
viding a variety of heparanase specific molecular probes which can be used for research and medical applications 
Including diagnosis and therapy. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0049] The invention herein described, by way of example only, with reference to the accompanying drawings, wherein: 

FIG. 1 demonstrates the expression of the human heparanase gene by human breast carcinoma celf lines with 
different metastatic potentials. Total RNA was isolated and subjected to semi quantitative RT-PCR (28 cycles) using 
human heparanase primers (hep) and primers for the GAPDH housekeeping gene. Reactions without reverse 
transcriptase demonstrated no amplification of genomic DNA contamination in the RNA samples (not shown). Lane 
1, Non metastatic MCF-7 cells, lane 2, moderate metastatic MDA-231 cells, lane 3, highly aggressive MDA-435 
cells, lane 4, minimal metastatic ZR-75 cells Jane 5, moderate metastatic MCF-ANeoT cells, lane 6, highly metastatic 
MCF-Tq 3B cells; lane 7, DNA molecular weight marker VI (Boehringer Mannheim). 

FIGs, 2a'b demonstrate heparanaseactivityexpressed by human breast carcinoma cell lines with different metastatic 
potentials. Breast carcinoma cell fysates of the above described cell lines were incubated {24 hours, 37 *C, pH 6,2) 
with 35S-HSPG isolated from intact subendothelial ECM. Heparanase mediated conversion of the heparan sulfate 
substrate (peak I) into low MW degradation fragments (peak II) was analyzed by gei filtration on Sepharose 6B. 
Expression of the human hpa gene correlates with heparanase activity and metastasis in experimental animals. 
FIGS. 3a-f demonstrate detection of /rpamRNAby in situ hybridization in specimens of normal and malignant human 
breast tissue with antisense heparanase RNA probe: invasive carcinoma of the breast, pre-malignant fibrocystic 
breast tissue, adenocarcinoma of the breast, invasive breast carcinoma surrounding the area of tumor necrosis (not 
stained), normal breast tissue-reduction mammoplasty (antisense hpa probe), and normal breast tissue-reduction 
mammoplasty (control sense probe), respectively. 

FIG. 4 demonstrate heparanase activity expressed by human prostate carcinoma cell lines. Expression of the human 
hpa gene by normal and malignant human prostate cells. Total RNA was isolated and subjected to RT~PCR using 
the appropriate human ftpa primers (hep) and primers for the GAPDH housekeeping gene. Reactions without reverse 
transcriptase demonstrated no genomic DNA contamination in the RNA samples (not shown). Lane 1, metastatic 
DU145 human prostate carcinoma ceils, lane 2, metastatic PCS human prostate carcinoma cells, lane 3, normal 
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human prostate tissue (biopsy specimen), lane 4, DNA molecular weight marker Vf (Boehringer Mannheim). 
FIG. 5 demonstrate the expression of the hpagene by high and low metastatJG human bladder carcinonna and mouse 
T lymphoma cell lines. Total RMA was isolated and subjected to RT-PCR using human hpa primers. Lane I , non 
metastatic IVIBT2 human bladder carcinoma-cetls, lane 2, highly ~Fetastatic T50 variant of MBT2 cells, lane 3, non- 
metastaffc Eb mouse T-[ymphoma, fane 4, highly metastatic ESB variant of the Eb mouse T-lymphoma cells, lane 
5, DNA molecular weight marker VI (Boehringer Mannheim). -RT: negative control, without reverse transcriptase, 
P: non amplified primers, 

FlGs. 6a-c demonstrate heparanase activity expressed by high and low metastatic human bladder carcinoma cells. 
Media conditioned by low (MBT2) and high (T50) metastatic human bladder carcinoma cells were incubated (24 
hours, 37 X, pH 6.2) with ^^S-HSPG isolated from intact subendothelial ECM. Heparanase mediated conversion 
of the heparan suffate substrate (peak 1, ss 47) into low molecular weight degradation fragments (peak II) was 
analyzed by gel fiftratlon on Seph arose 6B. Expression of the human hpa gene correlates with heparanase activity 
and metastasis In experimental animals. 

FIG. 7 demonstrate expression of the hpagene by high and low metastatic B16 mouse melanoma cell lines. Total 
RNA was isolated and subjected to RT-PCR using hpa primers (hep) and primers for the GAPDH housekeeping 
gene. Reactions without reverse transcriptase demonstrated no genomic DNA contamination In the RNA samples. 
Lane 1, highly metastatic B16-F10 mouse melanoma cells, lane 2, low metastatic B16-F1 mouse mefanoma cells, 
lane 3, DNA molecular weight marker Vi (Boehringer Mannheim). 

FIG. 8a demonstrate expression of the hpa gene by biopsy specimens from malignant human melanoma tumors 
and non-malignant benign nevus tissue which were processed for cell culture. Total RNA was isolated from sub- 
confluent cultures and subjected to RT-PCR using human specific hpa primers (hep). Representative cases are 
shown. Lane 1, malignant melanoma, lane 2, non-malignant nevus tissue, lane 3, ftpa-pcDNA plasmid (positive 
control), lane 4, negative control (no RNA), lane 5, DNA molecular weight marker VI (Boehringer Mannheim). 
Reactions without reverse transcriptase (-RT) demonstrated no genomic DNA contamination in the RNA samples. 
FIG. 8b demonstrates heparanase activity expressed by cultured cells derived from malignant melanoma (patient 
M-24) and non-malignant nevus tissue (patient M-31). Cultured ceils were seeded on sulfate labeled ECM. Labeled 
degradation fragments released into the incubation medium were subjected to gel filtration on sepharose 6B. 
FIGs. 9a-f demonstrate detection of hpa mRNA by in situ hybridization in specimens of human malignant melanoma 
and normal nevus. Figures 9a, c and d - metastatic human melanoma (3 different patients), Figure 9b- non malignant 
nevus tissue. Labeling is not seen in the nevus tissue, as compared to intense staining of the metastatic melanoma. 
Figures 9e and f - same sections as in Figures c and d stained with hematoxylin-eosine. 

FIGs. 10a-f demonstrate detection of hpa mRNA by tn situ hybridization in specimens of normal and malignant 
human liver. Hepatocellular carcinoma (x 200), hepatocellular carcinoma (x 1000), liver adenocarcinoma, normal 
adult liver, embryonic liver and control sense staining of embryonic ilver are shown respectively. Labeling is not 
seen in normal liver cells as compared to intense staining of embryonic and malignant liver cells: 
FIGs 11 a-f demonstrate detection of hpa mRNA by in sifty hybridization in specimens of normal and malignant human 
tissues. Adenocarcinoma of the ovary, normal ovary, squameous cell carcinoma of the cervix, normal cervix, colon 
adenocarcinoma and normal small intestine are shown respectively. 

FIGs 12a-f demonstrate' detection of hpa mRNA by in situ hybridization in specimens of various human tumors. 
Positive staining of the hpa gene was clearly seen in adenocarcinoma of the stomach, teratocarcinoma, well differ- 
entiated endometrial adenocarcinoma, adenocarcinoma of the pancreas, mesothelioma, Figures 12a-e, respectively. 
Control, sense staining of human mesothelioma is shown in Figure 12f. 

FIGs. 13a-b demonstrate expression of heparanase in human leukemias and lymphomas. Peripheral white blood 
cells of patients with various types of leukemia and lymphoma were isolated and tested for expression of the human 
hpa gene. For this purpose, total RNA was isolated and subjected to RT-PCR using human specific hpa primers. 
Reactions without reverse transcriptase demonstrated no genomic DNA contamination in the RNA samples. Pe- 
ripheral white blood cells of different patients with chronic lymphocytic leukemia (Figure 13a, lanes 1 -5) were isolated 
and tested for expression of the human hpagene. 13a Lane 6, ftpa-pcDNA plasmid (positive control), lane 7, negative 
control (no reverse transcriptase), lane B, DNA molecularweight marker VI (Boehringer Mannheim). Representative 
patients with various types of leukemia and lymphoma are shown in Figure 13b. Lane 1, acute myelocytic leukemia, 
lane 2, Chronic lymphocytic leukemia (atypical B cell), lane 3, acute myelocytic leukemia (MS), lane 4, hairy cell 
leukemia, lane 5, non-hodjkin lymphoma (mature B ceils), lane 6, non-hodjkin lymphoma (mature B cells), lane 7, 
chronic lymphocytic leukemia (stage I), lane 8, acute myelocytic leukemia {M2), lane 9, chronic myelocytic leukemia, 
lane 1 0, chronic lymphocytic leukemia (stage II), lane 1 1 , acute lymphocytic leukemia, lane 12, chronic lymphocytic 
leukemia (stage 111), lane 13, acute myelocytic leukemia (Ml), lane 14, acute myelocytic leukemia (M3), lane 15, 
/jpa-pcDNA plasmid (positive control), lane 16, negative control (no reverse transcriptase), lane 17, DNA molecular 
weight marker VI (Boehringer Mannheim). 

FIG. 14 demonstrates no expression of the hpa gene by normal human umbilical cord white blood cells. Total RNA 
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was fsolated and subjected to RT-PCR using hpa primers (hep) and primers for the GAPDH housekeeping gene. 
Reactions without reverse transcriptase demonstrated no genomfc DNA contamination in the RNA samples. Lanes 
1-6, white blood eel! preparatfons from 6 different umbilical cords, lane 7, /rpa-pcDNA pfasmid (positive control), 
lane B, negative control (no reverse transcriptase), fans 9, DNA molecular v/eigtit marker VI (Boehringer Mannheim), 

5 FIG. 15 demonstrates expression of the hpa gene by leukemia and lymphoma cell lines. Total RNA was isolated 

and subjected to RT-PCR using hpa primers (hep) and primers for the GAPDH housekeeping gene. Reactions 
without reverse transcriptase demonstrated no genomic DNA contamination in the RNA samples. Lane 1, normal 
B lymphoblastoid ceil line (Monga), lane 2. Burkitt B lymphoma (RaJI), lane 3, Burkitt B lymphoblasts (Daudi), lane 
4, Burkitt B lymphoblasts (non Ebv, DG-75), lane 5, erythroleukemia (K-562), lane 6, pre B lymphoma (nalm^), M 

10 = DMA molecular weight marker VI (Boehringer Mannheim). 

FIGs. 16a-h demonstrate urinary heparanase activity. Urine samples (o) of healthy donor (16d) and patients with 
multiple myeJoma (16a), bilateral breast carcinoma {16b), metastatic breast carcinoma (16c}, hemorrhagic nephritis 
(16e) nephrotic syndrome (16f), normoalbuminuric(16g)anc[ microalbuminurictype I diabetes (16h)were incubated 
(24 hours, 37 "C, pH 6.2) with 35s_hsPG (50 jixl) isolated from intact subendothelial ECM (♦ ), Heparanase mediated 
conversion of the heparan sulfate substrate (peak 1} into low molecular weight degradation fragments (peak II) was 
analyzed by gei filtration on Sepharose 68. 

FIGs. 17a-b demonstrate Western blots of extracts of cells expressing various segments of heparanase as detected 
with polyclonal anti heparanase antibodies. 17a - antiserum from rabbtt 7640, 17b - antiserum from rabbit 7644. 
Lane 1, E. co// BL21(DE3)pLysS cells transfected with pRSET, lane 2, E. cofi BL21(DE3)pLysS cells transfected 

^0 with pRSET containing the heparanase entire open reading frame (543 amino acids, SE ID NOs; 2 and 3), lane 3, 

E. CO// BL21(DE3)pLysS cells transfected with pRSET/vpaBK containing 414 amino acids of the heparanase open 
reading frame (amino acids 130-543 of SEQ ID NOs: 2 and 3), lane 4, E. coti BL21 (DE3)pLysS celfs transfected 
with pRSET/rpaBH containing 302 amino acids of the heparanase open reading frame (amino acids 130-431 of 
SEQ ID NOs: 2 and 3), lane 5, molecular size markers, lane 6, medium of Sf21 1 insect cells infected with recombinant 

25 Baculovirus pF/ipa containing the heparanase entire open reading frame (543 amino acids, SEQ ID NOs: 2 and 3), 

iane 7, Sf21 insect cells infected with recombinant baculovirus with no insert. Proteins were separated on 10 % 
SDS-PAGE, antisera were diluted 1:1,000. Detection was performed by ECL "(Amersham) according to the man- 
ufacturer's instructions. Size in kDa is shown to the right, as was determined using prestained SDS-PAGE standards, 
Bio-Rad, CA.. 

30 Fl G. 1 8 demonstrates Western blot using affinity purified polyclonal antibodies with heparanase expressed in various 

expression systems. Lane 1 , medium of Sf21 insect cells infected with recombinant Baculovirus pFhpa, lane 2, cell 
extract of a Chinese hamster ovary (CHO) clone stably transfected with a vector containing no insert, lane 3, cell 
extract of a CHO stable clone transfected with hpa cDNA, lane 4, proteins precipitated from medium of the yeast 
PichiB pBBiOfls tfarisioci-od with hps oDNA. Proleins were separaLed on 4-20 % gradient SDS-PAGE, antibody was 

35 diluted 1 ;100. Detection was performed by ECL (Amersham) according to the manufacturer's instructions. For CHO 

and Pichia clones see U,S. Pat. No. 6,348,344. Size in kDa is shown to the right, as was determined using prestained 
SDS-PAGE standards, Bio-Rad, CA. 

FIGS. 19a-b demonstrate Western blot of extracts of various cell types using anti-heparanase polyclonal antibodies. 
19a - crude antiserum diluted 1:2,000, 19b - affinity purified antibodies diluted 1:100. lane 1, purified heparanase 
from placenta, lanes 2 and 3, cell extracts of platelets, insoluble and soluble fractions, respectively, lanes 4 and 5, 
cell extracts of neutrophils, insoluble and soluble fractions, respectively, lanes 6 and 7, cell extracts of mouse 
melanoma B16-F1 cells, insoluble and soluble fractions, respectively. Proteins were separated on 8-16 % gradient 
gel. Detection was performed by ECL (Amersham) according to the manufacturer's instructions. Size in kDa is 
shown to the right, as was determined using prestained SDS-PAGE standards, Bio-Rad, CA. 

45 FIG. 20 demonstrates Western blot of recombinant and native heparanases from various origins using supernatant 

of hybridoma HP-117. Lanes 1 and 2, 293 human kidney cells non-transfected and transfected with /rpa-pCDNA, 
respectively (15 juig), lane 3, CHO cells stably transfected with pShpa (40 img); lane 4, mock transfected CHO cells 
(40 jLtg), fane 5, purified recombinant heparanase produced by baculovirus infected insect cells (50 ng), lane 6, cell 
extracts of E. co// expressing recombinant heparanase (50 ng), lane 7, cell extract of human platelets (lOOjxg), lane 

50 8, prestained SDS-PAGE standard, Bio-Rad, CA. Proteins were separated on 4-20% gradient SDS-PAGE and 

transferred to a nylon membrane (Amersham). Membrane was incubated with supernatant of hybridoma Hp117 
and detection was performed with alkaline phosphatase conjugated anti-mouse IgG antibodies, 
FIGs. 21a-b demonstrate immunostainrng of heparanase in CHO cells with polyclonal antibodies. CHO cells trans- 
fected with the full length hpa gene (21 a) were tested for overexpression of heparanase. Staining is detected in 

55 the cytoplasm of transfected cells. In non transfected CHO ceils (21b), no staining of heparanase is detected. 

FIGs. 22a-b demonstrate immunostaining of heparanase in CHO cells with monoclonal antibody HP-130.. CHO 
cells transfected with the full length hpa gene (22a) were tested for overexpression of heparanase. Staining is 
detected in the cytoplasm of transfected cells. In non transfected CHO cells (22b), no staining of heparanase is 
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detected. 

FfGs. 23a-c demonstrate immunostaining of heparanase in blood smears from normal donor with monoclonal an- 
tibody HP-92. Heparanase is found in the cytoplasm of neutrophils {23a) and platelets (23c) but is not detected in 
lymphocytes (23b) and rncnccytes (23c). 

FIG. 24 demonstrates a typical standard curve of recombinant human heparanase. Standard curve was constructed 
by plotting the log of the heparanase concentraton at the x-axis versus the log of the absorbance at the y-axis. 
FIG. 25 demonstrates epitope mapping of monoclonal antibodies HP-117 and HP-239. The different polypeptides, 
as indicated below, were fractionated on SDS-PAGE and transferred to a nitrocellulose membrane (Schleicher and 
Schulf). The membrane was reacted with either antibody HP-1 1 7 or HP-239 as indicated above. Lane 1 - cell extracts 
containing heparanase segment of 414 amino acids of the heparanase open reading frame (amino acids 130-543), 
Lane 2 - cell extracts containing a heparanase segment of 314 amino acids of the heparanase open reading frame 
(amino acids 230-543). Lane 3 - cell extracts containing heparanase segment of 1 76 amino acids of the heparanase 
open reading frame (amino acids 368-543), Lane 4 cell extracts containing heparanase segment of 79 amino acids 
of the heparanase open reading frame (amino acids 465-543). Lane 5 - ceJI extracts containing heparanase segment 
of 229 amino acids of the heparanase open reading frame (amino acids 1-229), Lane 6 - cell extracts containing 
heparanase segment of 347 amino acids of the heparanase open reading frame (amino acids 1-347). Lane 7 - cell 
extracts containing heparanase segment of 465 amino acids of the heparanase open reading frame (amino acids 
1-465). Lane 8, size markers (Bio-Rad). 

FJG. 26a-d demonstrate preferential immunohistochemical staining of heparanase in a colonic polyp, and in primary 
and metastatic human colon adenocarcinoma. Paraffin embedded tissue specimens derived from: (a) colon epithe- 
lium removed from a normal region located away from the neoplastic lesion; (b) tubuHovillous adenoma; (c) primary 
human colon adenocarcinoma; and (d) cofon carcinoma metastasfzed to the liver, were subjected to immunostaining 
with monoclonal anti-heparanase antibody HP-92. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0050] The present specification describes heparanase specific molecular probes which can be used in research and 
medical applications. Specifically, the present invention can be used for the detection and monitoring of malignancies, 
metastasis and other, non-malignant conditions, efficiency of therapeutic treatments, targeted drug delivery and therapy, 
using heparanase specific molecular probes, such as anti-heparanase antibodies (both poly-and monoclonal) and 
heparanase gene (hpa) derived nucleic acids, including, but not limited to, PGR primers, antisense oligonucleotide 
probes, antisense RNA probes, DNA probes and the like, 

[0051] The principles and operation of the present invention may be better understood with reference to the drawings 
and accompanying descriptions. 

[0052] Before explaining at least one embodiment of the invention in detail, it is to be understood that the invention is 
not limited in its application to the details of construction and the arrangement of the components set forth in the following 
description or illustrated in the drawings. The invention is capable of other embodiments or of being practiced or carried 
out m various ways. Also, it is to be understood that the phraseology and terminology employed herein Is for the purpose 
of descrfption and should not be regarded as limiting. 

[0053] As shown in the Examples section below heparanase specific antibodies and/or nucleic acids reveals in situ 
expression (protein and/or messenger RNA) of heparanase in a variety of cef Is and tissues, especially in malignant cells 
and tissues, wherein the degree of expression corroborates with metastasis. 

[0054] Therefore, according to one aspect of the present invention there is provided a method of /n s/?t/ detecting 
localization and distribution of heparanase expression in a biological sample. The method comprises the step of reacting 
the biological sample with a detectable heparanase specific molecular probe and detecting the localization and distribution 
of the detectable heparanase specific molecular probe. 

[0055] According to another aspect of the present Invention, there is provided a method of detecting heparanase 
expression in a biological sampfe. The method comprises the step of reacting the biological sample with a detectable 
heparanase specific molecular probe and detecting the detectable heparanase specific molecular probe. Protein and 
nucleic acid dot blot application are envisaged. 

[0066] As used herein in the specification and in the claims section below, the term "heparanase expression" refers 
mainly to the processes of transcription and translation, resulting in a catalytically active heparanase having endogly- 
cosidase hydrolyzing activity which Is specific for heparin or heparan sulfate proteoglycan substrates, as opposed to the 
activity of bacterial enzymes (heparinase I, II and III) which degrade heparin or heparan sulfate by means of p-elimination. 
[0057J As used herein in the specification and in the claims section below, the term "biological sample" refers to cells 
and tissues, including, but not limited fo cancer cells and tissues. The term further relates to body fluids, as further 
detailed below. 

[0058] As used herein in the specification and in the claims section below, the term "detectable heparanase specific 
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molecular probe" and its equivaientterm "detectable heparanase molecular probe" both refer to a nuclefcacid sequences 
hybridizabte with heparanase encoding nucleic acid or to an anti-heparanase antibody capable of specifically binding 
heparanase. The nucleic acid secjuence hybridizable with heparanase encoding nucleic acid is, for example, a synthetic 
oligonucleotide, an antisesnse heparanase RNA or heparanase DHA, and it is preferably labeled by the detectabfe moiety. 

5 [0059] As used herein in the specification and in the claims section below, the term ''detectable moiety" refers to any 
atom, molecule or a portion thereof, the presence, absence or level of which is directly or indirectly monitorable. One 
example include radioactive isotopes. Other examples include (i) enzymes which can catalyze color or light emitting 
(luminescence) reactions and (ii) fluorophores- The detection of the detectable moiety can be direct provided that the 
detectable moiety is itself detectable, such as, for example, in the case of fluorophores. AlternatEvefy, the detection of 

10 the detectable moiety can be indirect. In the latter case, a second moiety reactable with the detectable moiety, itself 
being directly detectable is preferably employed. The detectable moiety may be inherent to the molecular probe. For 
example, the constant regton of an antibody can serve as an indirect detectable moiety to which a second antibody 
having a direct detectable moiety can specifically bind 

[0060] As used herein in the specification and in the claims section below, the term "antibody" refers to any monoclonal 
?5 or polyclonal immunoglobulin, or a fragment of an immunoglobin such as sFv (single. chain antigen binding protein), 
Fab1 or Fab2. The immur>oglobulin could also be a "humanized" antibody, in which murine variable regions are fused 
to human constant regions, or in which murine complementarity-determining regions are grafted onto a human antibody 
structure (Wilder, R.B. et al., J. Clin. OncoL, 14^1383-1400^ 1996). Unlike mouse or rabbit antibodies, "humanized" 
antibodies often do not undergo an undesirable reaction with the immune system of the subject. The terms "sFv" and 
20 "single chain antigen binding protein" refer to a type of a fragment of an immunoglobulin, an example of which is sFv 
CC49 (Larson, S.M. etal.. Cancer, 80:2458-68, 1997). 

[0061] According to one embodiment of the invention the biologtcal sample is malignant, e.g., it is a solid tumor or 
hematopoietic tumor sample. The solid tumor can, for example, be of the types: carcinoma, adenocarcinoma, squameous 
cell carcinoma, teratocarcinoma, mesothelioma or melanoma, which are shown hereinunder in the Examples section to 
25 express heparanase in good correlation to the degree of metastasis. The hematopoietic tumor can, for example, be 
lymphoma or leukemia. 

[0062] In some embodiments of the present invention the solid tumor is a primary tumor, or a metastasis thereof, and 
it originates from an organ such as, for example, liver, prostate, bladder, breast, ovary, cervix, colon, skin, intestine, 
stomach, uterus {including embryo) and pancreas. 
30 [0063] As shown In the Examples section below, it was further found that body fluids (e.g., urine) of patients with 
certain conditions include cataliticaily active heparanase. These conditions include myeloma, breast carcinoma, meta- 
staticbreast carcinoma, hemorrhagic nephritis, nephrotic syndrome, normoalbuminurictype I diabetes, microalbuminuric 
type I diabetes, kidney disorder, inflammation, sepsis, inflammatory and autoimmune disease. 

C0064] Therefore, according to another aspect of the present invention there is provided a method of detecting hepara- 
35 nase protein in a body fluid of a patient. The method comprises the steps of reacting the body fluid with an anti-heparanase 
antibody, either poiy or monoclonal antibody, and monitoring the reaction. The body fluid is, for example^ plasma, urine, 
pleural effusions or saliva. Monitoring the reaction may be effected by having the antibody labeled with a detectable 
moiety, or to use its constant region as an inherent detectable moiety, to which a second antibody which includes a 
detectable moiety can specifically bind. 
40 [0065] Urine heparanase was detected in patients suffering from conditions such as cancer, renal disease and diabetes. 
In some cases the renal disease was associated with diabetes. 

[0066] According to a preferred embodiment of the present invention reacting the body fluid with the anti-heparanase 
antibody is effected in solution. Alternatively, reacting the body fluid with the anti-heparanase antibody is effected on a 
substrate capable of adsorbing proteins present in the body fluid, all as well known in the art of antibody based diagnosis. 
45 [0067] As further shown in the Examples section below, RT-PCR proves useful in detecting the presence, absence 
or level of heparanase transcripts in various biological samples, 

|0068] Therefore, according to another aspect of the present invention there is provided a method of detecting the 
presence, absence or level of heparanase transcripts in a biological sample. The method comprises the following steps. 
First, messenger RNA (e.g., as a comporient of total RNA) is extracted from the biological sample, thereby a plurality 

50 of messenger RNAs are obtained. Second, the plurality of messenger RNAs are reverse transcribed into a plurality of 
complementary DMAs. Third, the plurality of complementary DNAs are contacted with a pair of heparanase specific 
polymerase chain reaction (PGR) primers, nucleoside triphosphates and a thermostable DNA polymerase (e.g., Ther- 
mophiius aquat'icus DNA polymerase, native or recombinant) and a polymerase chain reaction is performed by temper- 
ature cycling, as well known in the art. Finally, the presence, absence or level of the polymerase chain reaction product 

55 is detected, e.g., by gel electrophoresis, by monitoring the incorporation of a detectable moiety into the product or any 
other applicable way, all as well known in the art. 

[0069] As further shown in the Examples section below, protein blots and anti-heparanase antibodies prove useful in 
detecting the presence, absence or level ofheparanase protein in various biological samples. 
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[0070] Therefore, further according to the present invention there is provided a method of detecting the presence, 
absence or levef of heparanase protein in a biological sample. The method comprises the following steps. First, proteins 
are extracted from the biological sample, thereby a plurality of proteins are obtained. The protein extract may be a crude 
extract and can also include non-proteinaclous material. Second, the proteins are size separated, e.g., by electrophoresis, 
5 gel filtration etc. Fourth, the size separated proteins are interacted with an anti-heparanase antibody, either pofy or 
monoclonal antibody. Finally, the presence, absence or level of the interacted anti-heparanase antibody is detected. In 
case of gel electrophoresis the interaction with the antibody is typically performed following blotting of the size separated 
proteins onto a solid support (membrane). 

[0071] In many cases ft was shown that directly or Indirectly (e.g., via liposomes) linking a drug (e.g., anti cancerous 
^0 drug, such as, for example radio isotopes) to an antibody which recognized a protein specifically expressed by a tissue 
sensitive to the drug and administering the antibody-drug complex to a patient, results in targeted delivery of the drug 
to the expressing tissue. 

[0072] Therefore, according to yet another aspect of the present invention there is provided a method of targeted drug 
delivery to a tissue of a patient, the tissue expressing heparanase. The method comprises the steps of providing a 
complex of a drug directly or indirectly linked to an anti-heparanase antibody and administering the complex to the 
patient. External radio imaging is also envisaged, wherein the drug is replaced with an imageable radio isotope. Endo- 
scopic or laparoscopic imaging is also envisaged, in the latter cases the drug is typically replaced by a fluorescence or 
luminescence substance. These procedures may, for example, be effective in finding/destroying, micrometastases. 
[0073] In other cases, it was shown that administering an antibody capable of binding epitopes assocfated with certain 

■20 tissues provide means of destroying such tissues by an elicited immune response. 

[0074] Further the specification describes an antibody elicited by a heparanase protein (e.g., recombinant) or an 
immunogenicai portion thereof, the antibody specifically binds heparanase. The antibody can be a poly or monoclonal 
antibody. If it is poly cfonal and produced in vivo, it is preferably affinity purified, however crude antibody preparations 
are also applicable, all as shown and described in more detail in the Examples section hereinunder. 

^5 [0075] Preferably, the eficitation of the antibody is through in vivo or in vitro techniques, the antibody having been 
prepared by a process comprising the steps of, first, exposing cells capable of producing antibodies to the heparanase 
protein or the immonogenical part thereof and thereby generating antibody producing cells second, fusing the antibody 
producing cells with myeloma cells and thereby generating a plurality of hybridoma cells each producing monoclonal 
antibodies, and third, screening the plurality of monoclonal antibodies to identify a monoclonal antibody which specifically 

30 binds heparanase. 

[0076] Further according to the present invention there is provided an oligonucleotide comprising a nucleic acid se- 
quence specifically hybridizable with heparanase encoding nucleic acid, be it heparanase DNAor RNA. The oligonu- 
cleotide may include natural nucfeotides and/or nucleotide analogs, such as, but not limited to phosphorothtoated analogs. 
Such oligonucleotides are readily synthesized provided that the sequence is known. Such oifgonucieotides can be 
^5 deduces, for example, from SEQ ID NO 3. 

[0077] Further according to the present invention there are provided an antisense nucleic acid (RNA or DNA) molecule 
comprising a nucleic acid sequence specifically hybridizable with heparanase messenger RNA and a sense nucleic acid 
(RNA or DNA) molecule comprising a nucleic acid sequence specifically hybridizable with heparanase antisense RNA, 

^0 EXAMPLES 

[0078] Reference is now made to the following examples, which together with the above descriptions, illustrate the 
invention in a non limiting fashion. 

45 EXPERIMENTAL METHODS AND MA TERiALS 

[0079} Cefis: Cultures of bovine corneal endothelial cells (BCECs) were established from steer eyes as previously 
described (19, 31). Stock cultures were maintained in DMEM (1 gram glucose/liter) supplemented with 10 % newborn 
calf serum, 5 % fetal calf serum (FCS). bFGF (1 ng/ml) was added every other day during the phase of active cell growth 
50 (14, 15). Hybridoma cells were cultured in T-1 75 flasks (Corning Costar, Cat. No. 430824) inside a C02-enriched incubator 
(8 %), at 37 "C. DMEM medium (Beit Haemek, Israel) was added with 10 % horse serum (Bett-Haemek Cat. No, 
04-1 24-1 A). Culture volume was 80 ml. 

[OOSO] Preparation of sulfate labeled substrates: BCECs (second to fifth passage) were plated into 35 mm tissue 
culture plates at an initial density of 2 x 10^ cells/ml and cultured in DMEM supplemented with 10 % FCS and 5 % dextran 
55 T-40 for 12 days. Na2^^S04 (25 fjuCi/ml) was added on day 1 and 5 after seeding and the cultures were incubated with 
the label without medium change. The subendothelial ECM was exposed by dissolving (5 min, room temperature) the 
cell layer with PBS containing 0.5 % Triton X-100 and 20 mU NH4OH, followed by four washes with PBS, The ECM 
remained intact, free of cellular debris and firmly attached to the entire area of the tissue culture dish (14, 15, 20). 
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[0081] To prepare soluble sulfate labe!e<J proteoglycans (peak \ material), the ECM was dfgested with trypsin (25 jag/ 
ml, 6 hours, 37 "C), the digest was concentrated by reverse dialysis, applied onto a Sepharose 6B gel filtration column 
and the high molecular weight materia] (Kav < 0.2, peak I) was collected (32). More than 80 % of the labeled material 
was shovvp to be composed of heparan sulfate proteoglycans (1 .1). 
5 [0082] Heparanase activity; Cells (1 x 10^/35-mm dish), cell lysates or conditioned medium were incubated on top 
of ^^S-labe!ed ECM (18 hours, 37 °C) In the presence of 20 mM phosphate or phosphate citrate buffer (pH 6,2), Cell 
lysates and conditioned media were also incubated with sulfate labeled peak 1 material (1 0-20 iml). The incubation medium 
was collected, centrifuged (18,000 g, 4 ^C, 3 min); and sulfate labeled material was analyzed by gel filtration on a 
Sepharose CL-6B column (0.9 x 30 cm). Fractions (0.2 ml) were eluted with PBS at a flow rate of 5 ml/hour and counted 
for radioactivity using Bfo-f!uor scintillation fluid. The excluded volume (V^) was marked by blue dextran and the total 
included volume (Vj) by phenol red. The latter was shown to comigrate with free sulfate (1 1 , 20). Degradation fragments 
of HS side chains were eluted from Sepharose 6B at 0.5 < Kav < 0.8, (peak li) (11, 20). A nearly intact HSPG released 
from ECM by trypsin was eluted next to (Kav < 0.2, peak 1). Recoveries of labeled material applied on the columns 
ranged from 85 to 95 % in different experiments. 

15 [0083] Construction ofheparanase expression vector: A BamH\-Kpn\ 1 .3 kb fragment (nucleotides 450-1721 of 
the hpa sequence, SEQ ID NOs: 1 and 3, U.S Pat. No. 5,968,822) was cut out from pfasthpa and cloned into pRSET- 
C bacterial expression vector (Invitrogen). The resulting recombinant plasmid pRSET^paBK encodes a fusion protein 
comprised of His tag, a linker sequence and amino acids 130-543 of the heparanase protein (SEQ ID NOs: 2 and 3). 
[0084] A 1 .6 kt> fragment of hpa cDNA was amplified from pfast/ipa (a hpa cDNA cEoned in pfastBac^ see U.S. patent 

20 No. 08/922, 170), by PGR using specific sense primer. (Hpu-SSO/Vde) - 5 - CGCATATGCAGGACGTCGTG GACCTG- 
3' (SEQ ID NO:4) and a vector specific antisense primer (3'pFast) 5 -TATGATCCTCTAGTACTTCTCGAC-3' (SEQ ID 
NO:5). The upper prfmer introduced an Ncfe\ site and an ATG codon preceding nucleotide 168 of hpa. The PGR product 
was digested by Nde\ and BamhW and its sequence was confirmed. pRSET/jpaBK was digested with Nde\ and BamH\ 
and tigated with the Ncle\-BamH\ hpa fragment. The resulting plasmid, designated pRSET/rpaSI, encoded an open 

25 reading frame of 508 amino acfds (36-543) of the heparanase protein, lacking the N-terminal 35 amino acids which are 
predicted to be a signal peptide. Expression constructs were introduced into E. co//BL21 (DEL3)pLysS cells (Stratagene), 
according to supplier's protocol. 

[0085] Preparation of antigen: E. cofi cells harboring the recombinant plasmid were grown at 37 ""C overnight in 
Lurla broth containing ampiciMin and chloramphenicol. Cells were diluted 1/10 in the same medium, and the cultures 

30 were grown to an OD600 of approximatefy 0,5. Isopropyl-thiogalactoside (IPTG) (Promega) was added to a final con- 
centration of 1 mM and the culture was incubated at 37 for 3 hours. Cells from induced cultures were cooled on ice, 
sedimented by centrifugation at 4,000 x g for 20 minutes at 4 °C, and resuspended in 0.5 ml of cold phosphate-buffered 
saline (PBS), Cells were lysed by sonication, and cell debris was sedimented by centrifugation at 10,000 x g for 20 
minutes. The resulting peiiet was analyzed by 10 % SuS-PAGE. The gel was stained with 1 x PBS coomassie biue and 

35 the band of 45 kDa which contained the recombinant heparanase was cut out and crashed through a needle (21 G) 
attached to a syringe. For immunization of mice, the crashed gel was incubated in PBS overnight at 4 *'C and the protein 
diffused into the buffer was collected. Rabbits ware injected with gel homogenate. 

[0086] The 55 kDa protein (508 amino acids) was purified from E, coy/ inclusion bodies by preparative SDS-PAGE, 
using a Model 491 Prep Cell (Bio-Rad) which is designed to purify proteins from complex mixtures by continuous elution 

40 electrophoresis. This antigen was used for EL ISA screening. 

[0087] Immunization - poiycionai antibodies: Two rabbits (designated 7640 and 7644) were immunized each with 
200 lag of protefn emulsified with equaf volume of complete Freund's adjuvant. An equal amount of protein emulsified 
with incomplete Freund's was injected to each rabbit two weeks following the first injection and again after another four 
weeks. Ten days after the third injection the rabbits were bled and serum was examined for reactivity with recombinant 

<^ heparanase. Four weeks after bleeding another boost was injected and 10 days later blood was collected. 

[0088] Immunization - monoclonal antibodies: 6 to 8 weeks old female Balb/C mice were each immunized intra- 
dermally with 50 fxg recombinant heparanase emulsified in 50 jxl PBS complete Freund's adjuvant. Two to three weeks 
later the same amount of the emulsion was injected subcutaneously or intradermady at multiple sites in incomplete 
Freund's adjuvant. After 3 weeks 25 |uLg antigen in aqueous solution was injected intrapertonealy. 7-10 days later animals 

50 were bled and the titer of the relevant antibodies was determined. 3-4 weeks after the last boost, one or two animals 
were injected intraperitoneal with 20 (xg of soluble antigen (in PBS) and 3-4 days later spleens were removed. 
[0089] Fusion and cloning: The spleens of immunized mice were ground, splenocytes were harvested and fused 
with the NSO myeloma cells by adding 41 % PEG. Hybridoma cells were grown in HAT-selective DMEM growth media 
containing 15 % (v/v) HS (Beit Haemek), 2 mM gfutamine, Pen-Strep-Nystatin solution (Penicillin: 10,000 units/ml, 

55 Streptomycin; 10 mg/ml. Nystatin: 1,250 units/ml), at 37 X in 8 % CO2 containing atmosphere. Hybridoma cells were 
cloned by limiting dilution. Hybridomas producing Mabs to human heparanase were identified by reactivity with solid- 
phase immobilized human heparanase, 

[0090] ELISA: Falcon polyvinyl plates were coated with 50 ng/well of t>aculovirus derived human heparanase (native) 
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and 100 ng^wefl of E. co//derived human heparanase (55 kDa - non-active) in PBS (pH 7.2) overnight at 40 ''C. Hybrldoma 
tissue cuJture supGrnatants were added to the wells, and incubated at room temperature for 2 hours. Binding of Mabs 
was then detected by incubation with HRP-conjugated goat anti mouse IgG (Fab specific) (Sigma), followed by devel- 
opment in o-pheriy!er?edi amine substrate (Sigma) and measurement of absorbencies at 450 nm. PBS with 0.05 % Tween 
5 was used to wash the plates between incLtbations. Polyclonal rabbit anti human heparanase was used as positive control 
and negative control included coating with PBS or irrelevant supernatant. 

[0091] Affinity purification ofpoiycfonal antibodies: 200 jag of recombinant heparanase were separated on 1 0 % 
SDS-PAGE. Following electrophoresis protein was transferred to a nitrocellulose membrane (Schleicher & Scuell). 
Membrane was stained with Ponceau S and the heparanase band was cut out. The membrane strip was blocked for 2 
hours in TBS containing 0.02 % Tween 20and 5 % skim milk. .Antiserum was diluted 1 :3 in blocking solution and incubated 
with the membrane for 16 hours. Membrane strip was washed with 0.15 M NaCI for 20 minutes and then with PBS for 
additional 20 minutes. Antibodies were eluted with 0.2 [^glycine, 1 mMEDTApH 2.8 for 20 minutes at room temperature, 
and then neutrafized by addition of 0.1 volumes of 1 M Tris pH 8.0 and 0.1 volumes of 10 x PBS. NaN03 was added to 
a final concentration of 0.02 %, 

15 [0092] Western blot: Proteins were separated on 4-20 %, or 8-16 % polyacrylamide ready gradient gels (Novex). 
Following electrophoresis proteins were transferred to Hybond-P nyton membrane (Amersham) (350 m A/ 100V for 90 
minutes). Membranes were blocked in TBS containing 0.02 % Tween 20 and 5 % skim milk for 1-16 hours, and then 
incubated with antisera diluted rn blocking solution. Blots were then washed in TBS-Tween, incubated with appropriate 
HRP-conjugated anti mouse/anti rabbit IgG, and developed using ECL reagents (Amersham) according to the manu- 

20 facturer's instructions, AKernatively, an alkaline phosphatase conjugated anti-mouse/anti-rabbit IgG antibodies were 
used as secondary antibodies and blots were developed with FAST™ BCIP/NBT (Sigma) according to the supplier's 
instructions. 

[0093] Expression of the heparanase gene in various ceil types and tissues (RT-PCR): RT-PCR was applfed 
to evaluate the expression of the hpa gene by various cell types. For this purpose, total RNA was reverse transcribed 
25 and amplified, using the following cDNA primers: Human rtpa- Hpu-355 5'-TTCGATCCCAAGAAGGAATCAAC-3' (SEQ 
ID NO:6) and Hpl-229 - 5'-GTAGTGATGCCATGTAACTGAATC-3'(SEQ ID NO;7), 

[0094] Expression pattern oftfie tieparanase gene transcript (in situ fiybridization). in situ hybrid ization enables 
determination of the distribution of hpa transcripts in normal and malignant tissues. For this purpose, thin sections of 
biopsy specimens were processed for in situ hybridization and hybridized with an antisense RNA probe to the hpa gene, 

30 The experiments have the resolution power to unambiguously Identify the expressing cell type, be they tumor cells, 
tissue macrophages, mast cells or platelets. Sections were treated with proteinase K to expose the target RNA and to 
block non specific binding sites before addition of the probe (34), For in situ hybridisation, two digoxigenin labeled probes 
were prepared, one in the sense direction and the other in the anti-sense direction. They were both transcribed from a 
fragment of about 624 bp of the hpa cDNA sequence (nucieotides 728-1351, SEQ ID NOs: 1 and 3) cloned in to the 

35 EcoR\-Hind\\\ sites' of the transcription vector pT3T7-Pac (a modified vector derived from pT3T7, Pharmacia), using 13 
(for antisense) or T7 (for sense) RNA polymerase, according to the suppliers protocol Slides were hybridized under 
appropriate conditions with the labeled probe and the hybridized probe is visualized using colorimetric reagents (NBT 
& BCIP) (34). Reactions were stopped when the desired intensity has been reached. 

[0095] In situ detection of heparanase by antibodies: /7pa-transfected and non transfected CHO cells were plated 
on 8-chamber tissue culture slides (Nunc). Cells were fixed in 95% ethanol, 5% acetic acid for 5 minutes at-20 ""C, Cells 
were permeabilized using permeabilization buffer (20 mM HEPES, pH 7,4; 300 mM Sucrose; 50 mM NaCI; 3 mM MgCl2; 
0.5 % Triton X-100) for 4 minutes at 4 ''C. Endogenous peroxidases were blocked using 0.3% H2O2 in methanol and 
non specific binding sites were blocked using 5% horse serum in PBS- Monoclonal anti-heparanase antibody (supernatant 
of hybridoma) was applied and Incubated with the cells overnight at room temperature. Antibody was washed away and 

^5 biotinylated secondary antibody (horse-anti mouse, Vector, Vectastain ABC system) was added for 30 minutes at room 
temperature. Immunostaining was detected using Di Amino Benzidine and H2O2 (Sigma tablets) until desired staintng- 
intensity was achieved. Slides were counterstained with Mayer's hematoxylin, Immunostaining with polyclonal' antibodies 
was performed under the same conditions, affinity purified antibody was used at 1 :500 dilution. Biotinylated horse anti- 
rabbit was used as a secondary antibody (Vector, Vectastain ABC system). Blood smears were prepared from a healthy 

50 donor. Fixation and staining were performed as described above. 

[0096] Production of antibodies by the starvation method (39): Cultures reaching cell density of 2x10^ cells/ml 
or higher were used for the production of antibodies. Cells were removed from flasks by pipetting and were centrifuged 
at 1 ,000 rpm for 5 minutes in order to pellet the cells. The cell pellets were suspended in basal DMEM (with no serum 
added) and' centrifuged at 1 ,000 rpm for 5 minutes. This procedure was repeated once more and the cell pellets resulted 

55 were suspended in the original volume of basal DMEM medium as before centrifugation. Cell suspension was plated 
into new T-175 flasks and placed inside the incubator. After 48 hours, cells were pelleted by centrifugation at 3,500 rpm 
for 10 minutes. Culture supernatants were filtered through 0.2 micron pore-size filter (Nalgene, Cat, No. 156-4020) and 
added with sodium azide at 0.05 % final concentration. Culture supernatants were kept refrigerated until purification. 
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Adaptation ofhybridomas to serum^free medium: 

[0097] Hybridoma cells were seeded, at 3x10^ celis/ml In duplicates in cluster well plate in serum-free medium. Serum 

vvciv> ci^JkJ^u L-M LI 1^ vvc^iiio tu a uiiai ik^CT i ii chivp i ui ij /o, /o, /o, /o, w-v^ I /o aiiu u /o. i_vc!i LI El uayo ui 

5 culture, cells viability was determined in the wells. Wells which had more than 80 % viable cells out of the total cell 
population (as determfned by Trypan Bfue staining) were used for continuing the process of adaptation. These cells 
were shifted to serum free medium that contained half the percentage of serum as before. After three more days the 
process of evaluating viability score of the cells and feeding with fresh media was repeated to the point of complete 
elimination of serum from ce!ls. Cells were considered adapted if they had more than 80 % of cell population viable after 

^0 at least three days in culture without serum. This procedure was adapted from "Monoclonal antibodies" by J.H. Perets 
et al. Springer Publisher. 

[0098] Purification of monoclonal antibodies: Purification was preformed by affinity chromatography using Protein 
G (39, 40). 2.5 ml of Protein G Sepharose 4 (Fast Flow) (Pharmacia Cat. No. 17-0618-01) were used to pack each 
column (Bio Rad, Cat. No. 737-1517), The flow rate for packing the columns was 4 ml/min. Column was equilibrated 

t5 with 100 ml of PBS pH 7.2, Culture supernatants (filtered and supplemented with sodium azide as described above) 
were loaded on the column at a flow rate of 1 ml/minute. After loading, column was washed with 80 ml of PBS pH 72. 
at a flow rate of 4 ml/mlnute. Elution was with 12 ml of 0.1 M Glycine-HCI buffer pH 2.7 at a flow rate of 1 ml/minute. 
One ml fractions were collected into tubes containing 0.3 ml of 1 M Tris pH 9.0. Column was further washed after elution 
with 50 ml of the elution buffer at a flow rate of 4 ml/min. Column was then regenerated by passing 50 m! of regeneration 

20 buffer (0.1 M Glycine-HCI buffer pH 2.5). After regeneration, the column was immediately neutralized with 100 ml of 
PBS pH 7.2. 0.1% sodium azide was added and the column stored In the refrigerator. 

[0099] Eluted fractions were analyzed for protein content using the Bradford protein determination method. According 
to the results obtained, 4-6 fractions were pooled and dialyzed (Spectrum dialysis tubing, MWCO 6,000-8,000, Cat, No. 
132653) three times against 500 ml of PBS buffer pH 7.2 with 0.05 % sodium azide, or against PBS pH 7.2 with 1 % 

25 thimerosat (Sigma, Cat. No. T-3784) added. After dialysis samples were stored at 4''C. 

{01001 Labeling of HP239 with biotin: Antibody containing PBS solution at 1.9 mg/ml was dtalyzed against 0.1 M 
NaCOg (Sigma Cat. No. S-5761), pH 8.3-8.5, twice, for 4 hours each time, at 4 °C. Dialysis tubing was from Spectrum 
(Spectra/Por, MWCO 6,000-8,000). Labeling the antibody with biotin was by adding Biotin amido caproate N-hydroxy- 
succinimide aster (Sigma Cat. No. B-2643) dissolved in DMSO (Merck Cat. No. 2950) to the antibody solution. 80 iulI of 

50 the Biotin amido caproate N-hydroxysuccinimide aster solution were added to 1 ml of the antibody solution. The mixture 
was vortexed immediately, covered with aluminum foil to prevent light exposure and placed at room temperature for 4 
hours for labeling to lake place. After completion of the labeling period, the antibody solution was dialyzed twice against 
PBS added with sodium azide to 0.05 % and stored in the refrigerator. 

[Oiui] HABA test: HABA test was preformed on bioiiniiated antibody in order to determine the molar ratio between 
35 the biotin and antibody molecules. The result of th^s test is the B/P ratio which indicate the extent of labeling of the 
antibody. To this end, 1 mg of Avidin (Sigma Cat. No. A-9275) was dissolved in 50 mM phosphate buffer with 0.15 M 
NaCI pH 6.0. 2.42 mg of 2-(4'-Hydroxyazobenzene) benzoic acid (HABA) (pierce, Cat. No. 28010) were dissolved in 1 
ml of lOmM NaOH solution. 0.5 mg of d-Biotin were dissolved in 1 ml of 50 mM phosphate buffer with 0.15 M NaCI pH 
6.0. Biotin solution was diluted from 0.5 mg/ml to 0.05 mg/ml in 50 mM phosphate buffer with 0.15 M NaCI pH 6.0. 
^0 Standard curve for d-Biotin was performed by adding 25 |ulI of HABA solution to 0.5 ml of Avidin solution and transferred 
to Quarz glass cuvettes. OD was determined at 500 nm, then 5 julI of the conjugated antibody were added to the cuvette 
and OD was determined again at 500 nm. This process was repeated until OD500 decreased up to the value obtained 
with 1 jxg biotin per sample on the standard curve. Cunjugate curve was plotted as well as the standard curve and bound 
biotin was calculated. 

45 [0102] Epitope mapping: A 1 .7 Kb fragment of hpa cDNA (a t^pa cDNA cloned in pfastBacHTA, see U.S. Pat. No. 
5,968,822) was digested by various restriction enzymes to create serial deletions from both 3' and 5' ends of the hepara- 
nase open reading frame (ORF) as follows: 

(f) 3' deletions: EcoRI-BsEII fragment, encoding amino acids 1-465, deletion of an Nde\~Xba\ fragment generating 
50 an ORF of 347 amino acids (1-347) and a deletion of Af}\\-Xba\ fragment generating an ORF of 229 amino acids 

(1-229). 

(ii) 5' deletions: BamH\-Xfio\ fragment encoding 414 amino acids (130-543), an Afl\\-Xho\ fragment encoding 314 
amino acids (230-543), an Nde\-Xho\ fragment encoding 176 amino acids (36S-543) and a BsfEfl-X/ioI fragment 
encoding 79 amino acids of the heparanase open reading frame (465-543). 

55 

[0103] The heparanase segments were expressed in a Baculovirus expression system essentially as described in 
U.S. Pat. No. 6, 348, 344, The fragments were subcloned into the vector pfastBacHT to generate His tagged fusion 
constructs. Recombinant baculovirus containing the various fragments were generated using the Bac to Bac system 
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(GibcoBRL) according to the manufacturer recommendations. Extracts of Sf21 cefis expressing various segments of 
heparanase protein were analyzed. The recombinant heparanase segments were detected by Western blots. 
[0104] Subtype analysis: Subtype analysis of hybridoma celf ciilture supernatants was performed by using Sigma 
irnmLirFOtyps mouss rnonoclonsi sntibody isotypiny kit snd the Boehnriyer msnnhcim Iscstrip mouss monoclonal antiljody 

5 isotyping kit according to the manufacturer's instructions. 

[0105] Principle of sandwich ELiSA: Precise recognition of heparanase Is made with two monoclonal antibodies 
(HP-117 and HP-239) which were obtained after immunization of mice with heparanase protein. Heparanase p60 ELISA 
is based on the double-antibody sandwich method. Two monoclonal antibodies were prepared against sterically remote 
sites on the heparanase molecule, the first (l-IP-117) being coated on the ELISA solid phase; the second, biotinylated 

'io (HP-239} is used as a detectable antibody (tracer). Heparanase molecules present in the standards or the samples to 
be tested are "sandwiched" between the two antibodies. Excess unbound of tracer is easily removed during the washing 
step, and the ELISA retains only the absorbed antibody/antlgen/tracer combination. The amount of color generated Is 
directly proportional to the amount of heparanase present in standard or samples. The recombinant heparanase used 
as standard was produced in baculovirus and purified as described in U.S. Pat. application 09/260,038, 

15 [0106] The heparanase p60 ELISA contains microtiter welfs, precoated in coating solution (carbonate/bicarbonate 
buffer 0.05 IVI pH 9.6) with monoclonal antibody (HP-1 17) to heparanase and blocked with blocking solution (PBS-1 %, 
BSA-0.0 5% and Tween=20) to prevent non-specific binding. A measured volume of sample or heparanase standard 
diluted In sample diluent (PBS-1 %, BSA 0.06% and Tween-20-0,1%SDS) were added to each test well and tncubated 
to allow any heparanase present to be bound by antibodies on the microtiter plate. The wells were washed with wash 

20 solution {PBS-0.05 %, Tween-20) and a biotinyiated antibody to heparanase was added, which binds to the captured 
heparanase during incubation. After washing, a peroxidase-conjugated neutravidin reagent was added, which attached 
to the biotin in the immune complex on plate during incubation. Following incubation, thewells were washed and substrate 
solution (tetramethylbenzidine-TMB) was added to the wells, producing a blue color in the presence of peroxidase. The 
color reaction was stopped by the addition of acid (2 IVI sulfuric acid), which changes the blue color to yellow. The intensity 

25 of the yellow color is proportional to the amount of heparanase present in the samples or standards. The absorbance 
of each well was measured at 450 nin in reference to 630 nm. A standard curve was generated by plotting the log of 
absorbency versus the log of concentration of the heparanase standard {Figure 24). The heparanase concentration of 
the unknown specimen was determined by comparing the optical density of the specimen to the standard curve. The 
standard used in this assay is recombinant human heparanase calibrated against BSA by SDS polyacrylamide gel. 

30 

EXPERIMENTAL RESULTS 

[0107] Differentfai expression of the hpa gene in fiuman breast carcinoma and breast carcinoma ceil fines: 

Semi-quantitative RT-PCR was appiied to evaluate the expression of the hpa gene by human breast carcinoma ceil 
^5 lines exhibiting different degrees of metastasis (35, 36). While the non-metastatic MCF-7 breast carcinoma line failed 
to express the expected 585 bp cDNA of the hpa gene (Figure 1, lane 1 ), moderate (MDA 231, Figure 1 , lane 2) and 
highly (MDA 435, lane 3) metastatic breast carcinoma cell lines exhibited a marked Increase in hpa gene expression. 
The, differential expression of the hpa gene was reflected by a similar differential pattern of heparanase activity. As 
demonstrated In Figure 2a, lysates of MCF-7 cells exhibited little or no heparanase activity, as compared to a moderate 
40 and high activity expressed by MDA-231 and MDA-435 cells, characterized by moderate and high metastatic potential 
in nude mice, respectively. 

[0108] The same pattern of hpa gene expression and heparan sulfate degrading activity was observed in another 
model of breast cancer. While the ZR75 (=MCF10A) displastic breast cell line originated from fibrocystic breast epithelial 
cells showed little or no expression of the hpa gene (Figure 1 , lane 4), Ha-ras transfected ZR75 cell line (MCF1 OAT and 
-^5 MCF10AT3B) expressed the hpa gene (lanes 5 and 6) in correlation with their metastatic potential. The highly metastatic 
MCF10AT3B cells were derived from the third generation ofxenografted tumors {36). The heparanase activity expressed 
by these cell lines was in correlation with their metastatic behavior (Figure 2b). 

[0109] In subsequent experiments, sense and antisense deoxigenin labeled RNA probes (600 bp fragment of the hpa 
cDNA) were employed to screen archivial paraffin embedded human breast tissue for expression of the' hpa gene 
50 transcripts by in situ hybridization. 

[0110] As shown in Figures 3a-f, massive expression of the hpa gene was observed in invasive breast carcinoma (3 
a) and breast adenocarcinoma (3c). The ftpagene was already expressed by differentiated epithelial cells of pre-malignant 
fibrocystic breast {3b) and in breast carcinoma tissue surrounding the area of tumor necrosis where little or no staining 
was observed (3d). Unlike the malignant tissue, normal breast tissue failed to express the ^rpa transcript as revealed by 
the lack of staining in tissue derived from reduction mammoplasty, both by the anfisense (3e) and sense (3f) hpa probes, 
[01 11 J Altogether, these results demonstrate a preferential expression of the hpa gene malignant breast carcinoma 
cells, indicating a potential application in early diagnosis of the disease, particularly in view of the positive staining 
detected already in the fibrocystic stage. 
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[01 1 2] Human prostato and biadder carcinomas: Dffferential expression of the hpa mRNA was also suggested by 
RT-PCR analysis of several human prostate and bladder carcinoma cell fines. As demonstrated in Figure 4, both DU1 45 
(lane 1) and PC3 (lane 2) hunnan prostate cell lines showed high expression of the hpa mRNA in contrast to lack of, or 
non-detectable, expression In a biopsy of normal adult prostate tissue (lane 3). SimHarly, as demonstrated in Figure 5, 

^ highly metastatic variant (T50) of the non-metastatic MBT2 human bladder carcinoma cell line, exhibited a much higher 
expression of the hpa gene (lane 2) as compared with the [V1BT2 cell line (lane 1). This difference was also reflected by 
high heparanase activity secreted into the culture medium of the aggressive T50 cells, as compared to no detectable 
actfvlty in the medium of the parental MBT2 cells (Figures 6a-c). Again, the observed differential expression of the hpa 
gene and enzyme activity points toward potential application in the diagnosis of metastatic human prostate and bladder 

10 carcinomas. 

[01 1 3] Mouse melanolna and /"-/y/np/joma: Differential expression of the ^ipa mRNA and heparan sulfate degrading 
activity, correlated with the metastatic potential in mice was also demonstrated in studies with mouse B16 melanoma 
and T-lymphoma. In fact, the melanoma (9, 37) and lymphoma (11) eel! systems were the first experimental systems 
pointing toward an important role of heparanase in tumor cell invasion and metastasis. Our cfoning of the hpa cDNA, 
encoding for the heparanase enzyme, provides, for the first time, an evidence that the difference in enzymatic activity 
Is due primarily to a preferential expression of the hpa gene by highly metastatic tumor cells. Thus, as demonstrated in 
Figures 5 and 7, the highly metastatic ESb lymphoma {Figure 5, lane 4) and B16-F10 melanoma (Figure 7, lane 1) cell 
lines, expressed the /ipagene to a much higher extent as compared to the parental low metastatic Eb lymphoma (Figure 
5, lane 3) and B16-F1 melanoma (Figure 7, lane 2) cells. The respective high and low levels of heparanase activity by 

^0 these cell lines were reported in earlier studies (9,11 ,37), 

[0114] Human melanoma: Preferential expression of the hpa gene and enzyme activity was also observed in cells 
derived from biopsies of human melanoma and normal nevus tissue. Biopsy specimens of malignant melanoma are 
routinefy processed for cell culture in the department of Oncology (Hadassah Hospital, Jerusalem) for immunotherapy 
purposes. Cultured cells derived from 16 out of 16 patients (see also Table 1 , below) expressed the hpa gene, as revealed 

25 by RT-PCR (Figure 8a, lane 1 , a representative patient). Melanoma cells derived from 3 of these patients were tested 
for degradation of soluble heparan sulfate proteoglycans and were found to be highly active (Figure 8b). In contrast, 
cells derived from a non-malignant nevus tissue showed no detectable expression of the hpa mRNA (Figure 8a, lane 
2) and no enzyme activity (Figure Sb). 

[011 5J Similar results were obtained using archivia! paraffin etribedded biopsy specimens and in situ hybridization. 
30 Again, cytoplasmic labeling of the hpa mRNA was observed in tissue sections of metastatic specimens derived from 3 
different patients with malignant melanoma (Figures 9a and 9c-d), but not from a non-malignant nevus (Figure 9b). 
Altogether, these results imply a potential use of hpa specific primers, nucleic acid probes and antibodies in early 
diagnosis of melanoma metastasis. 

[0116] Human Uver carcinoma: The heparanase enzyme was first purified in our laboratory from a human hepatoma 
35 cell line (Sk-Hep-1). In fact, amino acid sequences derived from the purified hepatoma heparanase were used to clone 
the hpa gene. In situ hybridization studies revealed an intense expression of the hpa gene in tissue sections derived 
from human heaptocellular carcinoma {Figures lOa-b) and liver adenocarcinoma (Figure 10c). The hpa mRNA was not 
expressed by adult normal liver tissue (Figure lOd).. It was expressed, however, in embryonic human liver (Figure 10e). 
Each of these examples clearly supports the use of heparanase specific molecular probes as tooEs for early diagnosis 
^0 of human cancer and its spread and response to anti-cancer treatments, 

[01 1 7] Other human tumors: A preferential expression of the hpa gene was clearly observed by in situ hybridization 
performed with biopsy specimens of several different human carcinomas in comparison with their normal tissue coun- 
terparts. As demonstrated in Figures 11 a-f, an intense expression of the hpa gene was observed in tissue sections 
derived from adenocarcinomaof the ovary (Figure 11 a),squameous cell carcinoma of the cervix (Figure 11c). and colon 
^5 adenocarcinoma (Figure lie). In contrast, there was little or no expression of the hpa mRNA in human tissue sections 
derived from normal ovary (Figure 11b), cen/ix (Figure 1 1d) and small intestine (Figure 1 1f). The few cells stained in the 
normal tissue specimens were single infiltrating macrophages and neutrophils. 

[0118] Positive staining of the hpa gene was also clearly seen in adenocarcinoma of the stomach (Figure 12a), 
teratocarcinoma (Figure 12b), well differentiated endometrial adenocarcinoma (Figure 12c), adenocarcinoma of the 
50 pancreas (Figure 12d), and mesothelioma (Figure 12e). Each of these examples clearly supports the use of heparanase 
specific molecular probes as tools for early diagnosis of human cancer and its spread and response to anti-cancer 
treatments. 

[0119] Human t&ukemia and lymphoma: \Ne have previously applied time consuming measurements of heparanase 
activity and demonstrated that heparanase is expressed and readily secreted by acute and chronic human myeloid 
55 leukemic cells (AML and CML), but not by chronic lymphocytic leukemic cells (CLL). The availability of heparanase 
specific primers enables a more sensitive and rapid determination of hpa gene expression by human leukemia and 
lymphoma cells. For this purpose, peripheral white blood cells (derived from patients with leukemia and lymphoma) were 
purified on Ficoil-hypack and subjected to total RMA isolation and RT-PCR determination of the hpa mRNA. Altogether, 
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ceils of 59 patients were tested. Representative patients are presentecJ in Figures 1 3a-b and the results are summarized 
fn Tabie 1 below. Cells from 31 out of 31 patients with CLL showed no cfetectable expression of the hpa gene (Figure 
15a, lanes 1-5, Figure 13b, lanes 2, 7, 10 and 12) regardless of the stage of the disease. Similar results were obtained 
with ceils from 4 out of 4 patients with non-Hodji<in lymphoma (NHL) (Figure 13b, lanes 5 and 6). Both the CLL and NHL 

5 cells represent primarily differentiated B cefls. In contrast, the hpa mRNA was expressed by cells derived from 14 out 
of 14 patients with AM L (Figure 13b, lane 11). These cells represent undifferentiated myeloblasts of neutrophils and 
monocyte origin. The hpa mRNA was expressed in cells of 1 out of 3 patients with CML, and 2 out of 2 patients with 
acute lymphocytic leukemia. Surprisingly, umbilical cord blood derived white biood cells showed little (one case) or no 
expression (13 additional cases) of the hpa gene in different cord blood samples (Figure 14, Table 1, below). These 

10 cord blood preparations are enriched with hematopoietic stem cells. Studies with estabFished cell lines (Figure 15) 
revealed no expression of the hpa mRNA in Burkitt B lymphoma (i,e., Raji, Daudi, DG-75, lanes 2-4, respectively); as 
opposed to mature normal B (Ebv transformed) [ymphoblastoid cell line (i.e., monga, Figure 15, lane 1) and erythro- 
leukemia (K-562, lane 5). 

[0120] Apparently, heparanase expression can distinguish between differentiated B cell lymphoma (CLL and' MHL) 
and undifferentiated myelocytic and lymphoblastoid leukemia (AML and ALL) (Table 1). The lack of /jpa gene expression 
by umbilical cord white blood cells may enable to distinguish between early normal white blood cells {hpa negative) and 
early ieukemrc cells {hpa positive). Furthermore, the presence of heparanase may distinguish between early lymphatic 
leukemic cells {hpa positive) and late B leukemia and lymphoma cells {hpa negative). 

20 Tabie 1 Expressiott of hpa mRNA (RT-FCR) in human ieukemi^, lymphoma and meianoma 

Type # of patients # hpa positive # hpa negative 



CLL 31 0 31 

AML 14 14 0 

ALL 2 2 0 

CML 3 1 2 

NHL 4 0 4 

Cord blood 14 1 13 

Melanoma 16 16 0 

30 Nevus (normal) 3 0 3 



[0121] Heparanase activity in the urine of cancer patients an attempt to elucidatethe involvement of heparanase 
in tumor oroaression and its relevance to human cancer, we screened urine samoles for heparanase activity. Heparanase 

I r . . w- - 

activity was determined by incubation of urine with soluble sulfate labeled proteoglycans obtained by trypsin digestion 
of metabolically Na2^^S04 labeled subendotfielial extracellular matrix. Heparanase activity resulted in conversion of a 
high molecular weight (MW) sulfate labeled substrate into low MW heparan sulfate degradation fragments as determined 
by gel filtration analysis. Heparanase activity was detected in the urine of 21 (renal cell carcinoma, breast carcinoma, 
rabdomyosarcoma, stomach cancer, myeloma) out of 157 cancer patients. Three examples are given in Figures 16a- 
c. High levels of heparanase activity were determined in the urine of patients with an aggressive disease (primarily breast 
carcinoma, Figures multiple myeloma. Figure 16a) and there was no detectable activity in the urine of healthy donors 
(Figure 16d). A more sensitive ELiSA is expected to detect the heparanase protein at early stages of the disease. Urine 
may also contain heparanase inhibitors (i.e., GAGs) and hence an activity assay may under estimate the number of 
patients with positive urinary heparanase protein. 

[01 22] Heparanase activity in the urine ofdiahetic patients: Reduction in glomerular basement mennbrane (GBM) 
heparan sulfate proteoglycan (HSPG) is responsible for the microalbuminuria and proteinuria of diabetic nephropathy. 
We identified heparanase activity in cultured rat mesangial cells and postulated that the reduction in glomerular HSPG 
is secondary to increased glomerular heparanase activity and that the latter will be manifested by an Increase in urinary 
heparanase. Urinary heparanase activity was tested in samples from 70 patients with type I diabetes and in 40 sex and 
age matched controls, as described above. The results are summarized in Table 2 below. Fifty patients were normoalbu- 
minuric (NA) while 20 had microalbuminuria (MA). Urinary heparanase activity was detected in 13 of 70 (19 %) diabetic 
patients while it was absent in the control group (p=0.002). Sixteen percent of the NA patients and 25 % of the MA 
patients showed urinary heparanase activity (Figures 1dg-h). Interestingly, over 80 % of the heparanase positive patients 
were females. Heparanase positive patients had significantly higher blood glucose (p=0.0005) and HbA1C (p-0.03) 
levels compared with heparanase negative diabetic patients. This is the first study suggesting a role for heparanase in 
the pathogenesis of diabetic nephropathy. Urinary heparanase may be an early marker for renal involvement in type 1 
diabetic patients, anteceding MA. The presence of heparanase activity in the urine of normo and microalbuminuric tDDM 
(insulin dependent diabetic mellltus) patients, is most likely due to diabetic nephropathy, the most important single 
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disorder leading to renal failure in adults. 



Tabie 2 Heparanase activity in urine offDDM patients 



5 




No. of 
patients 




Averaged 
Age 


Sex 




Disease 
duration 


1 

Blood 

pressure 


GFR 


— " — " — ■ — — — 1 

Heparanase 
positive 




Normo- 
albuminuria 


50 


26.2 ± 8.5 
years 


26 males 
24 females 


16.5 ± 7.3 
years 


112±17 


134±25 
m3/mfn/ 
1.73 m2 


8/50(16%) 


10 


Microalb- 
uminuria 


20 


26.5 ±11. 
years 


10 males 
10 females 


14.5 ± 7.9 
years 


115±13 


128±26 
1 .73 


5/20 (25 %) 



15 [0123] Repeated determination of urinary heparanase in, 9 IDDM patients yielded similar results (6 negative and 3 , 
positive) to the initial analysis performed 3 months earlier. Our results suggest that heparanase activity may play a role 
in the regulation of the number of HSPG anionic sites in the GBM and hence may modufate the pernrtselective properties 
of the glomerular basement membrane. 

[0124] Heparan sulfate contributes to the assembly and integrity of the ECM through btnding to various ECM molecules 
20 such as collagen, laminin, fibronectin, thrombospondin and tenascin. Cleavage of heparan sulfate may therefore result 
in disassembly of the ECM leading to a loss of its barrier properties. We have identified heparanase activity expressed 
by mesanglral cells (not shown). Once heparanase is secreted by stimuiated mesangial cells it will degrade heparan 
sulfate In the GBM thus allowing its passage into the urinary space. 

[0125] Heparanase activity was also detected In the urine of proteinuric patients not suffering from diabetes (Figures 

25 16e-f).. These included patients with focal segmental giomerulosclerosis, minimal change nephrotic syndrome and 
congenita! nephrotic syndrome, thus indicating that the involvement of heparanase in the generation of proteinuria may 
not be limited to diabetic nephropathy. Urinary heparanase activity seems to be detected more frequently as the degree 
of proteinuria increases. Active heparanase was detected in the urine of 15 % of normoalbuminuric and 25 % micro- 
albuminurictypef diabetic patients. The prevalence reach ed 48 % in a group of 28 macroalbumin uric patients with NIDPM. 

30 [01 26] Diabetic nephropathy, occurring in approximately 30 % of patients with type I diabetes, is a major cause of end 
stage renal disease. The inability to discriminate the subpopulation that will develop renal damage prior to the appearance 
of microalbuminuria, 10-15 years following the diagnosis of diabetes, prevents us from significantly changing the dev- 
astating natural history of the disease. Urinary heparanase activity is a distinguishing feature, occurring in 30-35 % of 
normoalbuminuric females, within an othenA/ise homogenous group of patients. 

35 [0127] This is the first result suggesting a role for heparanase In the pathogenesis of proteinuria in type 1 diabetes. 
Obviously, measurements of urinary heparanase activity is both time consuming and not sensitive enough. Moreover, 
we have demonstrated the presence of an inhibitor of mammalian heparanase in the urine of normal individuals. The 
nature of this inhibitory substance, possibly urinary glycosamlnoglycans is currently being studied. Urinary heparanase 
activity is therefore the result of a balance between the presence in the urine of the enzyme and its inhibitor(s). Immu- 

^0 nodetection of the heparanase protein is therefore a more sensitive and straightforward approach fordiagnostic purposes. 
Altogether, our results cleariy indicate that anti-heparanase antibodies that identify the heparanase antigen can be 
applied foreariydiagnosis of cancer metastasis and renaldiseases-As discussed above, it is conceivable that heparanase 
may overcome the filtration barrier of the glomerular basement membrane and ECM simply by virtue of its ability to 
degrade the HS moieties that are held responsible for their permeaselective properties. Urinary heparanase Is therefore 

45 expected to reflect the presence of heparanase in the circulation and hence be a sensitive marl<6r for metastatic, 
inflammatory and kidney disease. Of particular significance is the potential ability to follow the course of tumor progression 
and spread, response to anti-cancer treatments, and possible relapse of the disease in a given patient. Targeted drug 
delivery and therapy are another aspect of the use for such antibodies. 

[0128] Anti-heparanase polycfonal antibodies : Antisera from two immunized rabbits were examined by western 
50 blot for reactivity- with various segments of recombinant heparanase expressed in E. co// and with the Baculovirus 
expressed heparanase (Figures 17a-b). In both cases, the poiyclonal antibody recognized proteins of the expected size 
in E. CD// derived recombinant heparanase, about 60 kDa for the entire open reading frame (lanes 2), about 45 kDa for 
the 414 amino acids Bamh\\-Kpn\ /?pa fragment (lanes 3) and 35 kDaforthe 302 amino acids encoded by a Bamh\=Hind\\\ 
hpa fragment (lanes 4). A protein of approximately 65 kDa was recognized in the medium of Sf21 insect cells infected 
55 with recombinant Baculovirus pFftpa (lanes 7). 

[01 29] The specificity of aff ini ty purified poiydon al anti bod ies was determ I ned by Western blot with recombina nt hepa ra- 
nase expressed In various expression systems, baculovirus infected insect cells, the yeast Pichia poston's an6 OHO 
cells transfected with the hpa cDNA. For details about the CHO and Pichia clones see U.S. Pat. No. 6,348, 344. 
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[0130] The specificity of tine purified antibody is demonstrated in Figure 18. The purified antibody identified a single 
about 65 kDa protein expressed by Pichia pastoris (Figure 18, lane 4), and a major band of similar size expressed by 
Sf21 cells infected with recombinant baculovirus (Figure 18, lane 1). In a CHO stable transfected clone, 65 kDa and 50 
kDa bands are detected (Figure 16, lane 3) as compared with the negative control (Figure 18, lane 2). In several 
5 experiments the two forms of the recombinant heparanase were identified, the higher form appeared as 60 to 65 kDa 
and the lower form as 45 to 50 kDa. Antibody 7644 was more specific and detected mainfy the bands of the recombinant 
heparanase. 7460 detected several other cross reactive bands. 

[0131] As shown in Figures 19a, crude polyclonal antibodies recognized multiple bands in human platelets (lanes 2 
and 3) and neutrophils cell extracts (lanes 4 and 5), as well as mouse melanoma cell line B1 6 (lanes 6 and 7). However, 
10 as shown in Figure 19b, affinity purified antibodies recognized the 65 kDa and 50 kDa forms of heparanase purified from 
placenta (lane 1), two major bands in platelets extract, an upper band of approximately 50 kDa which corresponds with 
the lower band of the purified protem and a lower band of about 30 kDa (lanes 2 and 3). The 50 kDa protein appears In 
mouse melanonna cells as well as two bands of a higher molecular weight and several minor bands, which represent 
cross reactive proteins or other species of heparanase (lanes 6 and 7). 

[0132] Monoclonal antsbodies: Eight hundreds hybridonnas, generated following 3 fusions were screened by ELlSA 
for reactivity against human heparanase (native and denatured). Eight positive hybridomas were selected. Table 3 below 
summarizes the characteristics of the S hybridomas. 

Table 3 Relative reactivity of hybi-idomas supernatants with native and denatured recombinant human 
20 heparanase 



30 



Hybridoma 


Native 


ELISA 
Denature 


Western blotting 


HP-6 




+ 


n.d. 


HP-40 


+++ 


++ 


n.d. 


HP-45 


+ 


+ -E- 


n.d. 


HP-92 


++ 


+++ 


n.d/ 


HP-117 


-3-+ + + 




60.45,42 kDa 


HP-130 




+ ++ 


n.d. 


HP-239 


-3-+-3-+ 


+++ 


n.d. 


HP-303 




+ + 


n.d. 



n.d. - not determined 



10133] Immunoblot of native and recombinant heparanase expressed in various ceM types was performed using the 
supernatant of hybridoma HP-1 17 (Figure 20). A major band of approximately 50 kDa was detected In extract of stably 
transfected CHO cells (lane 3) and in platelets extract (lane 6). This band is also detected in transfected 293 cells as 
compared to the negative control (lanes 2 and 1 respectively). A band of approximately 42 kDa was observed in all 
mammalian cell extracts, including the negative control. This band probably represent a cross reactive protein or an 
endogenous form of heparanase. The 65 kDa recombmant heparanase purified from medium of baculovirus Infected 
insect cells is clearly observed in lane 5 as well as a band of 53 kDa in lane 6 which is the expected size of the 508 
amino acids heparanase polypeptide expressed in the E, coli. cells 

[0134] Both polyclonal and monoclonal antibodies were used successfully for detection of heparanase in intact cells 
by immunohlstochemistry. Polyclonal antibodies showed specific staining of CHO cells transfected with pShpaCdhfr 
expression vector as described in U.S. Pat. No. 6, 348 344, as compared with no staining of the non -transfected CHO 
cells (Figures 21a-b). Similar results were obtained with several monoclonal antibodies. Figures 22a-b demonstrate the 
specific staining of heparanase in the cytoplasm of transfected CHO cells, with supernatant of hybridoma HP-130. No 
staining was observed in non-transfected cells. Monoclonal antibody HP-92 showed a specific staining of neutrophils 
and platelets in blood smear of a healthy donor (Figures 23a-c). This expression pattern Is consistentwHh the high levels 
of heparanase activity characteristic of these cells. 

[01 35] Availability of anti-heparanase antibodies will enable development of immunological assays for screening tissue 
and body fluids for heparanase. An ELISA will provide a nnore sensitive and convenient means of detection as compared 
to the currently available assays of heparanase activity which do not appear sensitive enough for the detection of the 
enzyme In non-concentrated plasma and body fluids. 

[0136J ELISA will provide a powerful diagnostic tool for quantitative determination of heparanase concentrations in 
serum, plasma, urine and other biologlcai fluids. Although platelets and activated cells of the immune system (11) can 
express heparanase activity under certain conditions, we have detected little or no heparanase activity in normal human 
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pJasma. The possibility arises that wfth cancer patients^ particularly those with leukemia and lymphoma, heparanase is 
secreted into the blood stream. En fact, our studies indicate that both acute and chronic human myeloid leukemic cells 
(AML and CML), but not ohronic lymphocytic leukemic cells (CLL), secrete substantial amounts of heparanase during 
short incubation in PBS at 4 "C. 
5 [0137] As described above, elevated levels of heparanase were detected in sera from metastatic tumor bearing animals 
and melanoma patients (13) and in tumor biopsies of cancer patients (15), High levels of heparanase activity were 
measured in the urine of patients with aggressive metastatic disease and there was no detectable activity in the urine 
of healthy donors. 

[01 38] Quantifying heparanase levels using monoclonal (Mab) antibodies: Five hybridom as were isolated . Table 
10 4 below summarizes the characterstics of the various antibodies produced and secreted thereby and as further detailed 
hereinunder. 

[0139] Epitope Mapping: For some purposes it is necessary to determine whether individual monoclonal antibodies 
raised against the same antigen bind to identical or overlapping epitopes, A linear method was used to map the epitope 
recognized by each antibody within the heparanase protein. Serial deletion mutations were made and assayed for the 

15 production of fragments that can be recognized by an antibody. In practice, this method can only localize the binding 
site to a small region, Supernatants from two monoclonal antibodies, HP-117 and HP-239 were examined by Western 
blot for reactivity with various segments of recombinant heparanase expressed in Baculovirus infected insect cells. As 
can be seen in Figure 25, monoclonal antibody HP-1 17 recognized a segment of 79 amino acids at the C-terminus of 
the heparanase open reading frame (amino acids 465-543). The monoclonal antibody HP-239 recognized an internal 

20 epitope localized to amino acids 130-160. 



TabfQ 4 characteristics of 4 Mab 



25 



Mab 


W 


IH 


IP 


EL 


Neut 


Epitope (aa) 


Subclass 


117 










+ 


465-543 


IgGI 


239 








+ 




130-160 


lgG2a 


130 




+ 


+ 


-3- 




465-543 


IgGI 


92 




++ 








160-230- 


IgM 



[0140] Heparanase p60 Sandwich EUSA: Urine p60 heparanase levels were measured in 21 normal people and 

!^ A r\ i_ ...;xi_ I I : _i: JtL.^ a. .^^t-t^-^i-^^ j.tmn^.lm'inK 1^1 ICA i-bRfl I I rtnci c^'^m r\loc? tii/ara 

IF I l\J pclllWI rtS Will I I ItifJI II UIU^^I*J UOUaaC uy USH ly ll IC V|UCti ititcm v^s oeai lu wioi I fju^ I %^^^^^t f^i luui-.. u I IE lu uui I ii-riu^ 1* u 

diluted 1:5 and 1:10 with sample diluent. The mean range for the normal people was 0 ng/ml, as compared to 11-160 
ng/ml for the nephrologic patients. These preliminary ciinicat results of renal failure are showing that pBO heparanase 
assay can serve as a useful tool in the diagnosis of these patients. 

[0141] Pref&r&ntiaf expression of heparanase in human tumors: Preferential expression of heparanase in human 
tumors as compared with the corresponding normal tissues was demonstrated by Immunohrstochemical staining of 
paraffin embedded biopsy specimens. As demonstrated in Figures 26a-d. tissue sections from biopsy specimens of 
patients suffering from colon cancer (villous epithelial cells adenoma - 26a-b; colon adenocarcinoma - 26c-d) were 
stained with a monoclonal antf-heparanase antibody. Staining was noted primanly In villous epithelial cells (26b-c)and 
to a lesser degree in connective tissue cells (26b-c). There was little or no staining of the normal colon epithelium located 
away form the neoplastic lesion in the villous epithelial cells adenoma patient (Figure 26a). Of particular significance 
was an intense immunostaining of colon carcinoma cells that had metastasized into the liver, as compared to the 
surrounding normal liver tissue (Figure 26d). Overexpression of heparanase may thus be a characteristic property of 
metastatic tumor cells. 

[0142] The results presented above using the sandwich EL ISA diagnostic technique may help improve the treatment 
of cancer by more accurately detecting the disease status and how patients are responding to therapy. For example, 
Bromira Diagnostics' TRUQANT BR radioimmunoassay for the CA 27.29 antigen was shown in a clinical trial to predict 
the progression or remission of stage IV breast cancer. Researchers reported at the American Society of Clinical Oncology 
(ASCO) national meeting that 50 % increase or decrease in levels of the marker are significant Indicators of progression 
or regression of the disease. Furthermore, C A 27.29 values changed as much as 1 05 days before changes in the patient's 
condition could be observed (38). 

[0143] Levels of serum antigens can predict, whether chemotherapy or radiation are working. Answering that question 
definitively may be difficult if physicians rely solely on clinical symptoms or radioimagtng to determine if tumors are 
progressing or regressing. In some cases, fiowever, the detection of tumor associated antigens can serve as an earty 
sign that therapy is ineffective and that the disease is worsening, that treatment may need to be changed, or that treatment 
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fs effective. 

[0144] Although the invention has been described in- conjunction with specific embodiments thereof, it is evident that 
nnany alternatives, nnodificatlons and variations will be apparent to those skilled in the art. Accordingly, it is intended to 
embrsce a\\ such alLsrnativss, mouifiCaLions snu vanaiioris thst fall wiihin ths sprrit sfiu brosd scops of tho appended 
^ claims. 
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SEQUENCE LISTING 
[0146] 

25 (1 ) GENERAL INFORMATION: 

(i) APPLICANTS: Iris Pecker et al. 

(ii) TITLE OF INVENTION: HEPARANASESPECIFIC MOLECULAR PROBES AND THEIR USE IN RESEARCH 
AND MEDICAL APPLICATIONS 

30 (iii) NUMBER OF SEQUENCES: 7 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Mark M. Friedman c/o Anthony Castorina 

(B) STREET: 20001 Jefferson Davis Highway, Suite 207 
35 (C) CITY: Arlington 

(□) . STATE; Virginia. 

(E) COUNTRY: United States of America 

(F) ZtP: 22202 

"fO (v) COMPUTER READABLE FORM; 

(A) MEDIUM TYPE: 1.44 megabyte, 3-5" microdisk 

(B) COMPUTER: Twinrie3d<3> Slimnote-890TX 

(C) OPERATING SYSTEM: MS DOS version 6.2. Windows version 3.1 1 

(D) SOFTWARE: Word for windows version 2,0 converted to an ASCI file 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 
50 (B) FILING DATE: 

(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

55 (A) APPLICATION NUMBER: 

(B) FILING DATE: 

(C) APPLICATION NUMBER: 

(D) FILING DATE: 
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(viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Friedmam, Mark M. 

5 (C) REFERENCE/DOCKET NUMBER: 910/5 

(fx) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 972-3-5625553 
fO (B) TELEFAX; 972-3-5625554 

(G) TELEX: 

(2) INFORMATION FOR SEQ !D NO:1: 

15 (1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1721 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 
20 (D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRiPTION: SEQ 3D NO:1: 

25 CTAGAGCTTT CGACTCtCXs; CTGCGOGGCa GCTGGCGGGG GGftGCAGCCA GGTGRGCCCA SO 

AGATGCTGCT GCGCTCtSAAG CCTOCOCTGC OGCOGCCGCT 6ATGCTGCTG CTCCTGGGCiC 120 
CGCTGGGTCC CCTCTCCCCT GGOGCCCTGC CCCGACCTCC GCAAGCACAG QACGTCCn'GG 180 
ACCTGGACTT CTTCACCCAG GAGCCGCTGC ACCTGCTGAG CCECTCGTTC CTGTCCGTCA 240' 
CCATTGACGC CAACCTGBCC ftCGGACCCGC GGTTCCTCAT CCTCCTGGGT TCTCCAAAJGC^ 300 
TTCGTACCTT GGCCAGAGGC TTOTCTCCTG CQTACCTGAG GTTTGGTGGC ACCPAlShCPiS 360 
ACTTCCTAAT TTTCGJkTCCC AflGAAGQAAT CaACCTTTGA ASAQJlGAAGT TACTGGCAAT 420 

30 CTCAAGTCRA CCAGGATATT TGCAAATATG GRTCCATCCC TCCTGATQTG GAGOAGAAGT 400 

TACGGTTGGA ATGGCCCTAC CAGGAGCAAT TGCTACTCCG AGAACACTAC CAGAAAAAGT 540 
TCAAGAACAG CACCTACTCA AGAAGCTCTG TAGATGTGCT ATACACTTTT GCAAACTGCT 500 
CAGGACTGGA CTTGATCTTT GGCCTAAATtS CGTTATTAAG AACAGCAGAT TTGCAETGGA 660 

ACfl<rrrcTAA tgctcagttg ctcctcgact actgctcttc caagcggtat aacatttctt 720 

CGCAQTTAfiQ AGAAGATTAT ATTCAArTGC RTAAACTTCT AAGAAAGTCC ACCTTCAAAA 840 
ATGCAAAACT CTA'PGGTCCT GATGrTGGTC AGCC^CXSAAa AAAGACGGCT AAGftTGCTGA 900 



AGAGCTTCCT GAABGCTGGT <3GAGAAGTGfi TTGATTCAGT TACATGGCAT CACTACTATT Sfffl 

TGAATCGACG GACTGCTACC AGGGAAGATT TTCTAAACCC TGATGTATTG GACATTTTTA 1020 
TTrCATC?GT GCAAAAAGTT •rrCCAGGTGG . TTGAGAGCAC CW3GCCTGGC AAGAAGGTCT'IOBO 

GQTTAGGAGA AACAAGCTCT GCATR.TGSAG GCGGAGOGCC CTTGCTATCC GACACCTll'G 1140 

CAGCTGGCTT TATGTOGCTG GATAAATrGG GCCTGTCRGC CCGAATGGGA ATAGAAGTGG 12 OO 

TGATGAGGCA AGTATTCTT? GOAGCAGGAA ACTACCATTT JUSTGGATGAA AACTTCCATC 12^0 

CTTTACCTGA TTATTGGCTA TCTCTTCl^ST TCAAGAAATT CCSTGGGCACC AAGGTGTTAA 1J20 

TGGCAAGCGT gcaaggttca aagagaagga agcttcgagt ataccttcat tocacaaaca 13a d 

45 CTCACAATCC AAGGTATAAA GftAGGAQATT TAACTCTGTA TGCCATAAAC CTCCATAACG 1440 

TCACCAAETA CTTGCGCTTA CCCTATCCTT TTTCTAACAA GCAA<3TGGAT AAATACCTTC 1500 

TAAGACCTTT GGOACCTCAT GGATTACTTT CCAAATCTGT CCAACTCAAT GtSTCTAACTC 1550 

TAAAGATGGT GQATGATCAA ACCTTGCCAC CTTTAMBGA AAAACCTCTC OSGCCAGGAA 1620 
GTTCACTGGG CTTGCCAGCT TTCTCATAl'A GTTTTTTTGT GATAACAAAT GCCAAAGTTG . ISBO 

CTGCTTGCAT CTGAAAATAA AATATACTTUS TCCTGACACT G 1721 

50 

(2) INFORMATION FOR SEQ ID NO:2: 
(i) SEQUENCE CHARACTERISTICS: 

55 (A) LENGTH: 543 

(B) TYPE: amino acid 

(C) STRANDEDNESS; single 

(D) TOPOLOGY: linear 



25 



EP 1 073 682 B1 



(xi) SEQUENCE DESCRfPTiON: SEQ iD NO:2: 



10 



Mst liSli Irsu AT" Bbt Js^b Pro PJLb, PS'Q Pr« L^ll Met I.S11 ti&M 

Leu Leti Gly Pro ieu Cly' Pro Leu Sst Pro Gly -Ala I*eu Pro Arg Pjto' 
20 .25 ■ ^0 . 

Ala ' Glii Ala Gin Asp V&i V&l Leu Asp Plie Phe Thr Gin Glu Pro 
35 , -40 -45 

Leu His Ijeu Val Ser Pro Ser Pte Leu Ser Val Thr lie Asp Ala Asn 

.50 55 ■ eo . . 

■ ijfiu Ala Thx Asp Pro Arg Plis Leu lie Leu Leu Gly Sex Pro Lya Leu- 
£5 70 75 SO 

75 Arg Ttir Leu Ala Arg Gly Leu Ser Pro Ala Tyr Leu Arg Phe Gly Gly 

xiir Lys Thr Asp Phe Leu lie Piife Aap Pro Lys Lys Glu Ser Thr &lie 
100 105 " 110 



20 



25 



30 



35 



40 



Glu Glu Arg Ser Tyr Trp Gin Ser Gin Val Asn Gin Asp lie Cys Lys 

115 120 las 

Tyr Gly Ser lie Pro Pro Asp Val Glu Glu Lys. I-eu Arg Leu Glu Trp 
130 133 140" 

Pro Tyr Gin Glu Gin Leu Leii Ltsu Arg Glu His Tyr Gin Lfys Lys Phe 
145 ■ . ^ ISO 155 16D 

Lys Aan 5er "Thr Tyr Ser Arg Ser Ser Val Asp Val LeU Tyr Thr Phe 

*^ ifiS 170 , 175 . 

_ " ^ - ■ J- _ ■ ._ 

Ala Asn Cyfl Ser aly Leu Asp Leu lie Phe Gly Leu Asn Ala^Lera l4Ba 

IBS" ^' ' ■' ' ISO 

Arg Thr Ala Asp Leu Gin Trp Asn Ser Ser Asn Ala Gin Leu Leu Leu 
195 .300 205 

Asp Tyr Cys Ser Ser Lys Gly Tyr Asu He Ser Trp Glu Leu Gly Asn 

n' •>■! e -yrn 

ftj U V M ip^— 

Glu Pro Asn Ser Phe Leu Lys Lys Ala Asp He Phe He Aen Gly Ser 
225 230 . ■ 335 240 

Glu Leu Gly Glu Asp Tyr He Gin Leu His Lys Leu Leu. Arg Lys Ser 

245 250 ZS5 

Thx B^he i^ys Asil Ala Lys Leu Tyr Gly Pro Asp Val Gly Gin Pro Arg 

^ aeo 2SS 270 

Arg- Lys Thr- Ala Lya Met" Leu Lys- Ser Phe- Leu Lys Ala Gly Gly Glu 



45 



50 



55 
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3.7S 230 2B5 

Val Tie -Afip S^r Val "Thr TtT" hA^ Hia lifiu Asn Qly Aiw.Tly? 

' 290 " 295 300 

Ala Thr Arg Clu Asp Pbe I/eu Asn Pro Asp Val Leu Asp He Pbe lie 
iOS 31Q 315 32Q 

Ser Ser val Gin Lys Val Phe Gin Val Val Glxi Ser Tttr Arg Pro Gly 

32S 330 335, 

Lys Lys Val Trj) Leu Gly Glu Thr Ser Ser Ala Tyr Gly Gly Gly Ala 
340 34S 350 

Pro Leu Leu Ser Asp Tlu: the Ala Ala Gly Phe ttet Trp Leu Aep Lys 
3S5 3S0 ' 3C5 

Leu Gly I^u Ser Ala Rrg Wet Gly lie Glu Val Vol Wet Rrg Glri val 
3~G . 375 3S0 

Phe Phe Gly Ala Gly Asn Tyr His Leu Val Asp Glu Asn. Ph& Asp Pro 
3B5 390 395 400 

Leu Pro Asp Tyr Trp lieu Ser £jeu Leu Phe Lys Lye lieu Val Gly Thr 

405 410 41& 

Lys Val Leu Met Ala £er Val Gla Gly Ser Lys Arg Arg Lys Leu Arg ^ 
42D 425 430 

Val Tyr Leu His Cys Thr Asn Thr Asp Aeri Pro Arg Tyr Lys Glu Gly 
435 440 445 

Asp Leu Thr Leu Tyr Ala He Asn Leu HIb Asu. Val Thr Lya Tyr Leu 
. 4S0 455 460 

Arg Leu Pro. Tyr Pro^ Phe Ser Aan Lya Gla Val A*p Lys Tyr Leu Lertt 
465 4':r0 475 460 

Arg Pro lieu Gly Pro His Gly Leu Leu Ser Lys Ser Val Gin Leu Asn 

485 490 43& 

Gly Leu Thr Leu Lys Met Val Asp Asp Gin Thr Leu Pro Pro Leu. net 

. 50S BID 

Glu Lys Pro Leu Arg Pro Gly .Ser Ser Leu Giy Leu Pro Ala phe S^r 
S15 520 ■ S25 - 

Tyr Ser Phe Phe val lie Arg Asm Ala Lys Val Ala Ala Cys. Zle 
530 535 540 543 



(2) INFORMATION FOR SEQ fD NO:3: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1721 

(B) TYPE: Nucleic acid 

(C) STRANDEDNESS: Double 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3: 
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CT AfiA GCT TTC XSKQ 14 

TCT ceo CTG CGC GGC AGC TGG CGG GGG GAS CAG CCA GGT GRG CCC AAG G2 

ATG CTG CTG OGC TCG ftAG CCT GCG CTG CCG CCG CCG CTG ATG CTG CT3 110 
Met Leu. I^eu Azg Ser Lya 1?ro Leu pro Pro Pro Leu Met Leu Leu 

5 lf> . 15 

CIX: CTG GGG CCG CTG GGT CCC CTC TCC CCT GGC GCC CTC5 CCC CGA CCT ISB 
l»eu Xieu Gly Pro L&vl Giy Pro I*eii Ser Pro Gly Ala Leu Pro Arg Pro 
30 25 30 

GOG CAA GCA GAG GAC GTC GTG GAC CTG GAC TTC TTC ACC CAfi GAG CCG SOS 
Ala. GlTi Ala Gin Asp Val Val Asp ^Leu Asp Phe Ph& Thr Gin Glu Pro 
3S 40 ' ^45 

CTG CAt CTG. GTG AGC CCC TCG- TiC CTG TCC GTC ACC ATT GAC GCC AAC 2.51 

15 ' 



10 



20 



25 



30 



35 



40 



45 



50 



55 
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Ireu His Leu Val Ser Pro 3er Piie Ueu Ser Val Thr He Asp Ala Ann 

SO . ■ SS .SO . . 

CTG GCC ACG GAC CCG CGG TTC CTC ATC CTC CTO xQt CCA AA^ CTT 502 

Leu Ala Thr Asp Pro Arg ehe l4eu Jle Leu Leu Gly Ser Pro l*ye I.fiu 

.'70 75 ■ -ao ■ 

- CGT ACC TTG" GCC AGA GGC TTG TCT CCT GCG TAC CTG AGS TTT GtTT (SQC 350 
Arg Thr Leu Ala Arg Gly Leu Ser Pro Ala Tyx Leu Arg Phe Qly O'ly 

as 90 55 

ACC AAG ACA GAC TTC CTA ATT TTC GAT CCG AJH3 AAG GAA TEA ACC TTT 398 
Thr Lyg Thr Asp Phe Lau lie Phe Asp Pro Lys l*irs Glu Ser Thr Phe 
lOQ . . lOS 110 

GAA GAG AGA ACT TAC TGG CAA TCT CAA QTC AAC GAG GAT ATT TGC AAA AA6 
Glu Glu Arg Ser Tyx Trp Gla Ser Glu Val Asn Gin Asp lie Cys l^yfi 
115 120 i25 

TAT GOA TCC ATC CCT CCT GAT GTQ GAG GAG ARG TTA CGG.TTG/GAA TGG 454 
Tyr Gly Ser lie Pro Pro Asp Val Glu GX^x Lys Leu Arg Leu Glu Trp 
130 135 140 

b ■ -I 

CCC TAC CAG GAG CAA TTG CTA CTC CGA GAA CAC TAG CAB AAA AAG TTC '542 
-Pro Tyr Gla Glu Gin Leu Leu Leu Arg Glu His Tyr "Gin. Lys LyS Phe 

14S ISO iss rco 

AAG AAC AGC ACC TAC TCA AGA AGC TCT GTA GAT GTG CTA TAC ACT TTT 590 
hys Ash Ser Thr Tyx Ser Arg Ser Ser Val Asp Val Lsu Tyx Thr Phe ' 

IfiS . 17D 17S 

"GCA AAC TGC TCA GGA CTG GAC TTG ATC TTT- GGC CTA AAT GCG TTA TTA €36 
Ala Aan Cys Ser Gly Leu Asp'I*eu lie Phe Gly LeU Aen Ala Leu I.eu 
IBO Zas 190 

AGA ACA GGA GAT TTG CAG TGG AAC ACT TCT AAT GCT CAS TTG CTC CTG SBS. 
Arg- Thz Ala Asp Leu Gin Trp- Asn Ser Ser Aen Ala Gin Lem lieu l#eu 
195 200 2I>E 

GAC TAC TGC TCT TCC AAG GGG TAT AAC ATT TCT TGG GAA CTA GSC AAT 734 
,Asp Tyr Cys Ser Ser Lys Gly Tyr Asn Tie Ser Trp "Glu Leu Gly Asn 
210 2tS 220 

GAA CCT AAC AGT TTC CTT AAG AAG GCT GAT ATT TTC ATC AAT GGG TCQ 782 
Glu Pro Abu Ser Phe Leu Lys uys. Ala. Asp .lie Phe Ila Asn Gly Ser 
22B 230 335 240 

CAG TTA GGA GAA GAT TAT ATT CAA TTG CAT AAA CTT CTA AjGA AAG TCC 830 
Gin Leu Gly Glu Asp Tyr lie Oln Leu Kia Lys Leu Leu Arg l*yB Ser 

245 2SD 255 

ACC TTC AAA AAT GCA AAA CTC TAT GGT CCT GAT GTT GGT CAG CCT CGA S78 
Thr Phe Lys Asn Ala Lys Leu Tyr Gly Pro Asp Val Gly Gin Pro Arg 
260 2GS 270 



— AGA^JU^lG-AGG-^GGT— AAG^ATG-^GTS-AAG-AGC-^-G-G^ — M6- 

Arg Lys Thr Ala Lys Met Leu liya Ser Phe Leu Lys Ala Gly Gly Glu 

275 2B0 ■ ^ 2B5- ■ — ^ 

GTG ATT GAT TCA GTT ACA TGG CAT CAC TAC TAT TTG AAT GGA CGG ACT 374 
Val., lie Asp Ser Val Thr Trp ilis His Tyr Tyr Leu Asn Gly Arg Thr 
290 . 295 300 

GCT ACC AGG GAA GAT TTT CTA AAC CCT GAT GTA TTG GAC ATT TTT ATT 1022 
Ala Thr Arg Glu Asp Phe Leu Asn Pro Aap Val Leu Asp lie Phe lie 
305 310 315 320 

TCA TCT GTG CAA AAA GTT TTC CAG GTG GTT GAG AGC ACC AGG CCT GGC 1070 
Ser Ser Vel Gin ify^ Val Phe Gin Val Val Glu Ser Thr Arg Pro Gly 

325 330 335 

AAG AAG GTC TGG TTA GGA GAA ACA AGC TCT GCA TAT GGA GGC GGA GCG lllB 
Lys Lys Val Trp Leu Gly Glu Thr Ser Ser Ala Tyr Gly Gly Gly Alfit 
340 345 350 



29 



EP 1 073 682 B1 



10 



COC TTG CTA' TCC GAC ACC TTT CCA GCT GSC TTT ATG TGG CTG GAT AAA llSC 
pro Leu Leu Ser Agp Thr ?Jie Ala Ala Gly Pbe M^st Trp Leu Asp Lye 

-h^ ^ W V _ - _ ^ 

■ ' ■- _ 

TTG Gi3C CTG TCA GCC CGA. fiTG GGA ATA GAR GTfJ GTG ATG AGG -CAA GTA 1214 
Leu Gly Leu Ser Ala Arg Met Gly lie Glu Vsl Val Met Arg Gin- Val 
370 37S 380 

TTC TTT GGA .GCA GGA AAC TAC CAT TTA GTG GAT GAA AAC TTC GAT CCT 125^ 
Phe *Phe Gly Ala Gly Asn Tyr Hie Leu Val Asp Glu Asa Pbe Asp Pro 
365 '390 -395 4 00 

TIA CCT GAT TAT TGG CTA TCT CTT CTG TTC AAG AAA TTG GTG GGC ACC 1310 
■ Leu Pro Asp Tyr L^u' Ser Leu Leu Plie ^ Lys Lys Leu Val Gly Xbr 

405 - 410 41S 

ARG GTG TTA ATG GCA AGC GTG CAA. CGT TCfk AAG AGA AGG AAC CTT OGA 1359 
, Lya" Val Leu- Met Ala ser Val Gin Gly Ser Lya Arg Arg LyB Leu Arg 
430 425 ' 430 " 

GTA TAC CTT CAT TGC ACA AAC ACT 5AC .AAT CCA AGG TAT AAA GAA GGA 1406 

• val Tyr Leu His Cys Thr Asn Tlir -Asp Asn Pro Arg Tyr Lya Glu Gly 
43S d40 445 

• GAT TTA 'ACT -CTG TAT GCC ATA AAC CTC CAT AAC GTC ACC AAG TAC TTG 14 S4 
Asp Leu Thr Leu Tyr Ala He Asn Leu Hia Asn Val Thr Lye Tyr Leu 

450 4SS 460 

CGG TTA CCC TAT CCT TTT TCT AAC AAG CAA GTG GAT AAA TAC CTT CTA 1502 
Arg Leu Pro Tyr Pro Pha Ser Asn Lye-0?.n Val A^p Lye Tyr Leu Leu 
25 4ffS * 47tf . ' 475 ^ 480 ' 

AGA CCT TTG GGA CCT CAT GGA TTA CTT TCC 'AAA TCT GTC CAA CTC AAT 15S0 
Arg Pro Leu Gly PTa His Gly Leu Leu Ser Lya Ser Val Gin Leu Asa 

■485 490 495 



15 



20 



30 



35 



40 



GGT CTA ACT CTA AAG ATG GTG GAT GAT CAA ACC TTG CCA CCT TTA ATG 1598 
Gly Leu Thr Leu Lye ^?*et Val Asp Asp Gin Thr Leu Pro Pro Leu Met 
500 SOS 510 

GAA AAA ,CCT CTC CGG CCA GGA AGT TCA CTG GGC TTG CCA GCT TTC TCA 1646 ^ 
Glu Lye Leu Arg Pro Gly Ser Ser Leu Gly Leu Pro Ala Phe Ser 

515 520 . . 

TAT AGT TTT TTT GTC ATA AGA AAT GCC AAA GTX GCT* GCT TGC ATC TGA 1694 
Tyr ser Phe Phe Val lie Arg Asn Ala Lys Val Ala Ala Cys He 
530 S35 540 S43 

■AAA TAA AAT ATA CTA GTC CTG ACA CTG ^''^^ 



(2) INFORMATION FOR SEQ iD NO:4: 
(i) SEQUENCE CHARACTERISTICS: 



45 (A) LENGTH: 26 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

50 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:4. 

CGCATATGCA GGACGTCGTG GACCTG 26 

(2) INFORMATION FOR SEQ ID N0:5: 
55 (i) SEQUENCE CHARACTERISTICS^ 

(A) LENGTH: 24 

(B) TYPE: nucleic acid 
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(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

5 TATGATCCTC TAGTACTTCT CGAC 24 

(2) INFORMATION FOR SEQ ID MO: 6: 
(i) SEQUENCE CHARACTERISTiCS: 

10 

(A) LENGTH: 23 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS; single 

(D) TOPOLOGY: linear 

15 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6: 
TTCGATCCCA AGAAGGAATG AAC 23 

(2) INFORMATION FOR SEQ ID N0:7: 

20 

(i) SEQUENCE CHARACTERISTICS: 

(A) . LENGTH: 24 

(B) TYPE: nucleic acid 

25 (G) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:7: 
GTAGTGATGC CATGTAACTG AATC 24 

30 

Claims 

1, A method of in situ detecting localization and distribution of hep^ranase expression in a bioiogical sample comprising 
35 the steps of reacting the bioiogical sample with a detectable heparanase specific molecular probe and detecting the 

localization and distribution of said detectable heparanase specific molecular probe. 

2. The method of claim 1 , wherein said biological sample is selected from the group consisting of cells and tissues. 
^0 3, The method of claim 1 or 2, wherein said btologlcal sample is malignant. 

4. The method of claim 3, wherein said malignancy is selected from the group consisting of a solid tumor and a 
hematopoietic tumor. 

^5 5. The method of claim 4, wherein said solid tumoris selected from the group consisting of carcinonna, adenocarcinoma, 
squameous cell carcinoma, terato carcinoma, mesothelioma and melanoma, and further wherein said hematopoietic 
tumor is selected from the group consisting of lymphoma and leukemia. 

6. The method of claim 4, wherein said solid tumor is a primary tumor, or a metastasis thereof, and is originated from 
50 an organ selected from the group consisting of liver, prostate, bladder, breast, ovary, cervix, colon, skin, intestine, 

stomach, uterus, pancreas, 

7. The method of any one of claims 1 to 6 wherein said detectable heparanase specific molecular probe is a nucleic 
acid sequence hybridizable with heparanase encoding nucleic add wherein said detectable heparanase specific 

55 nucleic acid sequence is deducible from SEQ ID NO: 3 or a heparanase specific antibody is characterized by 

specifically binding to heparanase, 

8. The method of claim 7, wherein said nucleic acid sequence hybridisable with heparanase encoding nucleic acid is 
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selected from the group consisting of a synthetic oiigonucleotrde, and antisense heparanase RNA and heparanase 
DNA, labelled by a detectable moiety. 

r\it IIF viuu riicLtiOCj (Ji ueteuiiiivj i icpai ai Ido^? piOifc o t^uuy iiuiu n\jni a i^caLii^iiL vjwi ■ i^i ii^in Kti\j T^i^^b ui i^ciLj'Lirt^ 

said body fluid with an anti-heparanase antibody specifically binding to heparanase in solution and monitoring said 
reaction wherein said body fluid is selected fronn the group consisting of plasma, urine, pleural effusfons and saliva. 

10. The method of cfalm 9, wherein said body fluid fs of a patient suffering from a condition selected from the group 
consisting of cancer, renal disease, diabetes and inflammation. 

11. The method of claim 10, wherein said renal disease is associated with diabetes. 

12. The method of any claims 9 to 11 , wherein said anti-heparanase antibody is selected from the group consisting of 
a monoclonal antibody and a polyclonal antibody, 

13. The method of any of claims 9 to 12, wherein reacting said body fluid with said anti-heparanase antibody is effected 
on a substrate capable of absorbing proteins present in said body fluid. 

14. The method of any of claims 9 to 13,wherem said body fluid isof a patient suffering from myeloma, breast carcinoma, 
metastatic breast carcinoma, hemorrhagic nephritis, nephrotic syndrome, normoalbuminuric type I diabetes, micro- 
albuminuric type \ diabetes, kidney disorder, inflammation, sepsis, inflammatory and autoimmune disease. 

15. A method of detecting the presence, absence or level of heparanase protein in a biological sample comprising the 
steps of: 

(a) extracting proteins from the biological sample, thereby obtaining a plurality of proteins; 

(b) size separating said proteins; 

(c) interacting said size separated proteins with an anti-heparanase antibody, wherein said anti-heparanase 
antibody is characterized by specifically binding to heparanase; and 

(d) detecting the presence, absence or level of sard Interacted anti-heparanase antibody. 

16. The method of claim 1 5, wherein said anti-heparanase antibody is selected from the group consisting of a polyclonal 
antibody and a monoclonal antfbody. 

17. The method of claim 15 or 16, wherein said size separatbr^ is effected by electrophoresis. 

18. The use of a complex of a drug directly linked or indirectly linked to an anti-heparanase antibody specifically binding 
to heparanase for the preparation of a pharmaceutical composition for targeted drug delivery to the tissue of a 
patient, the tissue expressing heparanase, wherein said heparanase specific antibody is characterized as being 
specific for heparanase, 

Patentanspriiche 

1. Verfahren zum in situ-Nachweis der Lokalisierung und Verteilung der Heparanase-Expression in einer bioiogischen 
Probe, umfassend die Schritte des Umsetzens der bioiogischen Probe mit einer nachweisbaren Heparanase-spe- 
zifischen molekularen Sonde und den Nachweis der Lokalisierung und Verteiiung der nachweisbaren Heparanase- 
spezifischen molekularen Sonde, 

2. Verfahren nach Anspruch 1 , wobei die biologische Probe ausgewahit \si aus der Gruppe bestehend aus Zellen und 
Geweben. 

3. Verfahren nach Anspruch 1 oder 2, wobei die biologische Probe malign ist. 

4. Verfahren nach Anspruch 3, wobei die MalEgnitat ausgewahit ist aus der Gruppe bestehend aus einem festen Tumor 
und einem hematopoietischen Tumor. 

5. Verfahren nach Anspruch 4, wobei der teste Tumor ausgewahit ist aus der Gruppe bestehend aus Karzinom, 
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Adenokarzinom, Plattenepithelkarzinom, Teratokarzinom, Mesotheliom und Melanom, und wobei ferner der hGma- 
topoietische Tumor ausgewShIt ist aus der Gruppe bestehend aus Lymphom und Leukamie. 

a \ /np-Fnl^ i^nn •-mi<-i[-k Am-vr^i-iinl-* ^ i i irt l-i i <-J j-ip- Tr fmj~tr n'ln r-t 3ri m n rc^r T"i ■ rirtrti* oliftO ^^^i■^'iet'10^5 jH'a\/rM1 ic^l- imrl a.r' ■?i1IC* 

U, Vt?IICSIIICllllClljlir^l lO^I U Ul ■ -T , ¥¥ KJLJ^t U^l I CJi3 Itf I t lUi ^111 |JjElllC(l S^l IUIIP*vll i^V^iVh"! V^'liisj I v lu kC^li^^LCiuu uuvuil lui., Uiiu xji U.UU 

5 einem Organ stammt, ausgewShlt aus der Gruppe bestehend aus Leber, Prostata, Blase, Brust, Eierstocke, Ge- 

barmutterhals, Dickdarm, Haut, Darm, Magen, Uterus urtd Pankreas. 

7. Verfahran nach einem der Anspruche 1 bis 6, wobei die nachweisbare Heparanase-speztfische molekulare Sonde 
eine Nuclelnsauresequenz ist, die mit einer Heparanasecodierenden NucleinsSure hybridisierbar ist, wobe] die 

10 nachweisbare Heparanase-speziflsche Nucleinsauresequenz von SEQ ID NR: 3 abgeleitet werden kann, oder eEn 

Heparanase-spezifischer Antikorper durcii die spezifische Bindung an Heparartase gekennzeichnet ist. 

8. Verfaiiren nach Anspruch 7, wobei die Nucleinsauresequenz, die mit einer Heparanasecodierertden NucieinsSure 
hybridlsiserbar ist, ausgewahit ist aus der Gruppe bestehend aus einem synthetischen Oligonudeotid und einer 

15 Antisense-Heparanase-RNA und einer Heparanase-DNA, markiert nr^it einer nachweisbaren Gruppe. 

9. In vitro-Verfahren zum Nachweis eines Heparanase-Proteins in einer Kdrperflussigkeit eines Patienten, umfassend 
die Schritte des Umsetzens der Korperflussigkeit nnit einem Anti-Heparanase-Antikorper, der spezifisch an Hepa- 
ranase in Losung bindet und Oberwachen dieser Umsetzung, wobei die Korperflussigkeit ausgewgihit ist aus der 

20 Gruppe bestehend aus Plasma, Urin, Pleuraleffusionen und Speichel, 

10. Verfahren nach Anspruch 9^ wobei die Korperflussigkeit von einem Patienten stammt, der an einem Zustand leidet, 
ausgewahit aus der Gruppe bestehend aus Krebs, Mierenerkrankung, Diabetes und Entzundung. 

25 11. Verfahren nach Anspruch 10, wobei die Nierenerkrankung mit Diabetes in Zusammenhang steht. 

1 2 . Verfah ren nach ei n em der Anspruche 9 bis 1 1 , wobei d er Anti-Heparan ase-Antlkorper ausgewahit ist aus der G ru ppe , 
bestehend aus einem monoclonalen und einem polyclonalen Antikorper. 

30 13. Verfahren nach einem der Anspruche 9 bis 12, wobei das Umsetzen der Korperflussigkeit mit deni Anti-Heparanase- 
Antikorper auf einem Substraterfolgt, dasfahig ist, die in der Korperflussigkeit vorhandenen Proteinezuabsorbieren. 

14. Verfahren nach einem der Anspruche 9 bis 13, wobei die Korperflussigkeit von einem Patienten stammt, der an 
Myeiom, Brustkarzinom, metastatischem Brustkar^inom, hamorrhagischer Nephritis, nephrouschein Syndrom, nor- 

35 moa!bumrnurischerTyp-l-Diabetes, mikroalbuminurischerTyp-l-Diabetes, FunktionsstorungderNlere, EntzOndung. 

Sepsis, Entzundungs- oder Autoimmunerkrankung leidet. 

15. Verfahren ^um Nachweis der Anwesenheit, Abwesenheit oder des Spiegels des Heparanaseproteins in einer bto- 
logfschen Probe, umfassend die Schritte: 

40 

(a) Extra ktion von Proteinen aus der biologischen Probe, wobei eine Viefzahl von Proteinen erhalten wird; 

(b) Auftrennen der Proteine der Grofie nach; 

(c) In Wechselwirkung bringen der der Grolie nach aufgetrennten Proteine mit einem Anti-Heparanase-Anti- 
korper, wobei der Anti-Heparanase-Antikorper durch die spezifische Bmdung an Heparanase gekennzeichnet 

^5 ist; und 

(d) Nachweis der Anwesenheit, Abwesenheit oder des Spiegels des in Wechselwirkung gebrachten Anti-He- 
paranase-Antikorpers, 

16. Verfahren nach Anspruch 15, wobelder Anti-Heparanase-Antikorper ausgewahit ist aus der Gruppe bestehend aus 
50 einem polyclonalen Antikorper und einem monoclonalen Antikorper. 

17. Verfahren nach Anspruch 15 oder 16, wobei das Auftrennen der GroUe nach durch Elektrophorese erfoigt. 

1 S, Verwendung eines Wirkstoffkomplexes, der direkt oder indirekt an einen Anti-Heparanase-Anttkorper gebunden ist, 
55 der spezifisch an Heparanase bindet, fCir die Herstellung eines Arzneimittels zur gezielten Wirkstoffabgabe an das 

Gewebe eines Patienten, wobei das Gewebe Heparanase exprimiert, wobei der Heparanase-spezifische Antikorper 
dadurch gekennzeichnet Ist, dass er Heparanase-spezifisch ist. 
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Revencfications 

1. Precede pour detecter in situ la localisation et la distribution de I'expression d'heparanase dans un echantillon 

specifrque de Theparanase detectable et a detecter la localisation et la distribution de ladite sonde moleculaire 
sp^cificjue de Theparanase detectable. 

2. Proc6d6 selon la revendication 1, dans lequel ledit echantillon bioiogique est choisf dans le group© constitue par 
les cellules et les tissus. 

3. Precede selon la revendication 1 ou 2, dans lequel ledit echantillon bioiogique est malin. 

4. Procede selon la revendication 3, dans lequel ladite malignite est choisie dans le groupe constitu^ par une tumeur 
solide et une tumeur hematopoietique. 

5. Procede sefon la revendication 4, dans lequel ladite tumeur solide est choisie dans le groupe constitue par un 
carcinome, un adenocarcinoma, un carcinome a cellules squameuses, un t^ratocarcinome, un mesotheliome et un 
melanome, et en outre dans lequel ladite tumeur hfematopoYetique est choisie dans le groupe constitu^ par un 
lymphome et une leucemie. 

6. Procede selon la revendication 4, dans lequel ladite tumeur solide est une tumeur primaire, ou une m^tastase de 
celle-ci, et a pourorigine un organe choisi dans le groupe constitue par lefoie, ia prostate, la vessie, le sein, Tovaire, 
le col, le colon, la peau, I'intestin, t'estomac, I'ut^rus, !e pancreas. 

25 7. Procede selon Tune quelconque des revendications 1 a 6, dans lequel ladite sonde moleculaire speclflque de 
I'heparanase detectable est une sequence d'acide nucletque pouvant etre hybrid6e avec un acide nucleique codant 
I'h^paranase dans leque! ladite sequence d'acide nucleique specifique de Theparanase detectable est deductible 
de la SEQ ID 3 ou un antlcorps specifique d'heparanase est caracterise par une fixation specifique a I'hepara- 
nase. 

30 

8. Procede selon la revendication 7, dans lequel ladite sequence d'acide nucleique pouvant etre hybridee avec un 
acide nucleique codant I'heparanase est choisie dans le groupe constitue par un oligonucleotide synthetique, un 
ARN d'heparanase antisens et un ADM d'heparanase, marque par un fragment detectable. 

35 9. Procede in vitro pour detecter une proteins heparanase dans un fluide corporel provenant d'un patient, comprenant 
les etapes consistant a faire reagir ledit fluide corporel avec un anticorps anti-heparanase se fixant specifiquement 
a I'heparanase en solution et ^ surveiller ladite reaction, dans lequel ledit fluide corporel est choisi dans le groupe 
constitue par le plasma, I'urine, les effusions pleuraies et la salfve. 

10. Procede selon la revendication 9, dans lequel ledit fluide corporel provient d'un patient souffrant d'un etat choisi 
dans le groupe constitue par un cancer, une maladie renale, un diabete et une inflammation, 

11. Procede selon la revendication 10, dans lequel ladite maladie renale est associee a un diabete. 

45 12. Procede seion Tune quelconque des revendications 9^11, dans lequel ledit anticorps anti-heparanase est choisi 
dans le groupe constitue par un anticorps monoclonal et un anticorps polyclonal. 

13. Procede selon I'une quelconque des revendications 9^12, dans lequel la reaction dudit fluide corporel avec ledit 
anticorps anti-heparanase est effectuee surun substrat capable d'absorber les protelnes presentes dans ledit fluide 

50 corporeL 

14. Procede seion I'une quelconque des revendications 9 a 13, dans lequel ledit fluide corporel provient d'un patient 
souffrant d'un myelome, d'un carcinome dusefn, d'un carcinome du sein metastatique, d'une nephrite hemorragique, 
d'un syndrome nephrotique, d'un diabete normo-albuminurique de type I, d*un diabete micro-albuminurique de type 

^5 I, d'un trouble renal, d'une inflammation, d'une septicemie, et de maladies inflammatoires et auto-immunes. 

15. Procede pour detecter la presence, I'absence ou le taux de protelne heparanase dans un echantillon bioiogique, 
comprenant les etapes consistant a : 
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(a) extraire des protefnes a partlr cfe Techantiilon biologique, en obtenant ainsi une plurality de proteines ; 

(b) soumettre lescfites proteines a une separation de tailles ; 

(c) faire interagir lesdites proteines ayant subi une separation de tallies avec un anticorps anti-heparanase, oCi 
iedit anticorps anti-heparanase est caracterise par une fixation sp^cifique a i'heparanase ; et 

(d) detecter la presence, i'absence ou le taux dudit anticorps anti~h6paranase ayant interagi, 

16. Precede seion la revendication 15, dans lequel Iedit anticorps anti-heparanase est choisi dans le groupe constitu6 
par un anticorps polyclonal et un anticorps monoclonal. 

17, Precede sefon la revendication 15 ou 16, dans lequel iadite separation de tailles est effectuee par electrophor^se. 

13. Utilisation d'un complexe d'un medicament directement lie ou indirectement Ii6 a un anticorps anti-heparanase se 
fixant specifiquement a Theparanase pouria preparation d'une composition pharmaceutique destinee ct la delivrance 
cibEeedemedicannentautissiJd'un patient, ietissuexprimantdel'heparanase, dans laquelle Iedit anticorps specifique 
de I'heparanase est caracterise comme etant sp6cificfue de F'heparanase. 
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